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PREFACE. 



It may appear étrange that, în thèse days, when the French lan- 
guage is almost as familîar to English readers as theîr owd, I shoold 
hâve spent many months în rendering into English a work which 
présents no diflScultîes of language, and which is undoubtedly 
known to ail philosophical students. Seldom as Comte's name is 
mentioned in England, there is no doubt in the minds of students 
of his great work that most or ail of those who hâve added snb- 
stantially to our knowledge for many years past are fuUy acquainted 
with it, and are under obligations to it which they would hâve 
thankfnlly acknowledged, but for the fear of oflFending the préjudices 
of the Society in which they live. Whichever way we look over the 
whole field of science, we see the truths and ideas presented by 
Comte cropping ont from the surface, and tacitly recognized as 
the foundation of ail that is systematic in our knowledge. This 
beîng the case, it may appear to be a needless labour to render into 
our own tongue what is clearly existing in so many of the minds 
which are guiding and forming popular views. But it was not 
without reason that I undertook so serions a labour, while so much 
work was waiting to be done which might seem to be more urgent. 
One reason, though not the chief, was that it seems to me unfair, 
through fear or indolence, to use the benefits conferred on us by M. 
Comte without acknowledgment. His famé is no doubt safe. 
Such a work as this is sure of receiving due honour, sooner or later. 
Before the end of the century, society at large will bave become 
aware that this work is one of the chief honours of the century, and 
that its author's name will rank with those of the worthies who 
hâve illustrated former âges ; but it does not seem to me right to 
assist in delaying the récognition till the author of so noble a 
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service is beyond the reacli of our gratitude and honour : and tliat 
it îs demoralîzing to ourselves to accept and use sucli a boon as lie 
has given us in a silence which is in f act ingratitude. His honours 
we cannot share : they are his own and incommunicable. His 
trials we may share, and, by sharing, lighten; and he has the 
strongest daim upon us for sympathy and fellowship in any popular 
disrepute which, in this case, as in ail cases of signal social service, 
attends upon a first movement. Such sympathy and fellowship 
will, I trust, be awakened and extended in proportion to the spread 
among us of a popular knowledge of what M. Comte has doue : and 
this hope was one reason, though, as I hâve said, not the chief, for 
my undertaking to reproduce his work in England in a form as 
popular as its nature admits. 

A stronger reason was that M. Comte's work, in its original form, 
does no justice to its importance, even in France ; and much less 
iû England. It is in the form of lectures, the delivery of which 
was spread over a long course of years ; and this extension of time 
necessitated an araount of récapitulation very injurions to its interest 
and philosophical aspect. M. Comte's style is singular. It is at 
the same time rich and diffuse. Every sentence is full fraught 
with meaning; yet it is overloaded with words. His scrupulous 
honesty leads him to guard his enunciations with epithets so con- 
stantly repeated, that though, to his own mind, they are necessary 
in each individual instance, they become wearisome, especially 
towards the end of his work, and lose their effect by constant 
répétition. This practice, which might be strength in a séries of 
instructions spread over twenty years, becomes weakness when those 
instructions are presented as a whole ; and it appeared to me worth 
while to condense his work, if I undertook nothing more, in order 
to divest it of the disadvantages arising from redundancy alone. 
My belief is that thus, if nothing moi-e were donc, it might be 
brought before the minds of many who would be deterred from 
the study of it by its bulk. What I hâve given in thèse two 
volumes occupies in the original six volumes averaging nearly 
eight hundred pages ; and yet I believe it will be found that 
nothing essential to either statement or illustration is omitted. 

My strongest inducement to this enterprise was my deep convictibti 
of our need of this book in my own country, in a form which renders 
it accessible to the largest number of intelligent readers. We are 
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living in a remarkable time, when the conflict of opinions renders a 
firm foundation of knowledge indispensable, not only to our intel- 
lectual, moral, and social progress, but to our holding such ground 
as we hâve gained from former agea While our science is split up 
into arbitrary divisions ; while abstract and concrète science are 
confounded together, and even mîxed up with their application to 
the arts, and with natural history; and while the researches of the 
scientific world are presented as mère accretions to a heterogeneous 
mass of facts, there can be no hope of a scientific progress which 
shall satisfy and benefit those large classes of students whose business 
it is, not to explore, but to receive. The growth of a scientific 
taste among the working classes of this country is one of the most 
striking of the signs of the times. I believe no one can inquire 
into the mode of life of young men of the middle and operative 
classes without being struck with the désire that is shown, and the 
sacrifices that are made, to obtain the means of scientific study. 
That such a disposition should be baffled, and such study rendered 
almost ineffectuai, by the desultory character of scientific exposition 
in England, while such a work as Comte's was in existence, was 
not to be borne, if a year or two of humble toil could help, more or 
less, to supply the need. 

In close connection with this was another of my reasons. The 
suprême dread of every one who cares for the good of nation or 
race is that men should be adrift for want of an anchorage for 
their convictions. I believe that no one questions that a very large 
proportion of our people are now so adrift. With pain and fear, 
we see that a multitude, who might and should be among the wisest 
and best of our citizens, are alienated for ever from the kind of faith 
which suffîced for ail in an organic period which bas passed away, 
while no one bas presented to them, and they cannot obtain for 
themselves, any ground of conviction aa firm and clear as that 
which sufficed for our fathers in their day. The inoral dangers of 
such a. state of fluctuation as has thus arisen are fearful in the ex- 
trême, whether the transition stage from one order of convictions 
to another be long or short. The work of M. Comte is unquestion* 
ably the great^st single effort that has been made to obviate this 
kind of danger ; and my deep persuasion is that it will be found 
to retrieve a vast amount of wandering, of unsound spéculation, of 
listless or reckless doubt, and of moral uncertainty and dépression. 
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Whatever else may be thought of the work, ît wîll not be denîed 
that it ascertaÎDS with singular sagacity and soundDess the founda- 
lions of human knowledge, and its true object and scope ; and that 
it establishes the true filiation of the sciences within the boundaries 
of its own principle. Some may wish to înterpolate this or that; 
fiome to amplify, and perhaps, hère and there, in the most obscure 
recesses of the great édifice, to transpose, more or less : but any 
who question the gênerai soundness of the exposition, or of the 
relations of its parts, are of another school, and will simply neglect 
the book, and occupy themselves as if it had never existed. It is not 
for such that I hâve been working, but for students who are not 
schoolmen ; who need conviction, and must best know when their 
need is satisfied. When this exposition of Positive Philosophy 
unfolds itself in order before their eyes, they will, I am persuaded, 
find there at least a resting-place for their thought, — a rallying- 
point of their scattered spéculations, — ^and possibly an îmmovable 
basis for their intellectual and moral convictions. The time will 
come when the book itself will, for a while, be most discussed on 
account of the deficiencîes which M. Comte himself presses on our 
notice ; and when his philosophy will sustain amplifications of 
which he himself does not dream. It must be so, in the inévitable 
growth of knowledge and évolution of philosophy ; and it is the 
fate which the philosopher himself should covet, because it is only 
a true book that could survive to be so treated : but, in the mean- 
time, it gives us the basis that we demand, and the principle of 
action that we want, and as much instruction in the procédure, and 
information as to what has been already achieved, as could be given 
in our time ; — perhaps more than could hâve been given by any 
other mind of our time. Even Mathematics is hère ûrst constituted 
a science, vénérable and unquestionable as mathematical truths 
hâve been for âges past : and we are led on, tracing as we go the 
clear genealogy of the sciences, till we find ourselves among the 
éléments of social science, as yet too crude and confused to be 
established, like the others, by a review of what had before been 
achieved; but now, by the hand of our master, discriminated, 
arranged, and Consolidated, so as to be ready to fulfil the conditions 
of true science as future générations bring their contributions of 
knowledge and expérience to build upon the foundation hère laid. 
A thorough familiarity with the work in which ail this is doue 
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woald avail more to extîngulsli the anarchy of popular and sectional 
opinion in this country than any otber influence that bas yet been 
exerted, or, I believe, proposed. 

It was under 8ucb convictions as tbese tbat I began, in tbe spring 
of 1851, the analysis of this work, in préparation for a translation. 
A few months afterwards, an unexpected aid presented itself. My 
purpose was related to tbe late Mr Lombe, wbo was tben residing 
at Florence. He was a perfect stranger to me. He told me, in a 
subséquent letter, that he had wished, for many years, to do what 
I was tben attempting, and bad been prevented only by ill bealtb. 
My estîmate of M. Comte's work, and my expectations from its 
introduction into Englaud in the form of a condensed translation, 
were fuUy shared by him ; and, to my utter amazement, he sent 
me, as the first act of our correspondence, an order on bis bankers 
for £500. Tbere was time, before his lamented death, for me to 
communicate to him my views as to the disposai of this money, and 
to obtain the assurance of his approbation. We planned that the 
larger proportion of it should be expended in getting ont the work, 
and promoting its circulation. The last words of his last letter 
were an entreaty that I would let him know if more money would, 
in any way, improve the quality of my version, or aid the promulga- 
tion of tbe book. It was a matter of deep concern to me that he 
died before I could obtain his opinion as to the manner in which I 
was doing my work. Ail that remained was to carry out his wishes 
as far as possible ; and to do this, no pains bave been spared by 
myself, or by Mr Ohapman, wbo gave him the information that 
called forth his bounty. 

As to the method I hâve pursued with my work, — there will be 
différent opinions about it, of course. Some will wish that there 
had been no omissions, wbile others would bave complained of 
lengtb and heaviness, if I bad offered a complète translation. 
Some will ask why it is not a close version as far as it goes ; and 
others, I bave reason to believe, would bave preferred a brief 
account, out of my own mind, of what Comte's philosophy is, 
accompanied by illustrations of my own devising. A wider expec- 
tation seems to be that I should record- my own dissent, and that of 
some critics of mucb more weight, from certain of M. Comte's views. 
I thought long and anxiously of this ; and I was not insensible to 
the temptation of entering my protest, hère and there, against a 
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statement, a conclasioD, or a method of treatment I shonid hâve 
been better satisfied still to hâve adduœd some critical opinions of 
mnch higlier vaine than any of mine can be. Bnt my deliberate 
concinsion was that this was not tfae place nor the occasion for any 
snch controversy. What I engaged to do was to présent M. Comte's 
first great work in a nsefnl form for English study : and it appears 
to me that it wonid be presumptnous to thrust in my own criticisms, 
and ont of place to insert those of others. Tbose others can speak 
for themselves, and the readers of the book can criticize it for them* 
selves. No donbt, they may be trusted not to mistake my silence 
for assent, nor to charge me with neglect of snch criticism as the 
work bas already evoked in this country. While I bave omitted 
some pages of the Author's comments on French affairs, I bave not 
attempted to alter bis French view of European politica In short, 
I bave endeavonred to bring M. Comte and bis English readers face 
to face, with as little drawback as possible from intervention. 

This by no means implies that the translation is a close ona It 
is a very free translation. It is more a condensation than an 
abridgment: but it is an abridgment too. My object was to convey 
the meaning of the original in the clearest way I could ; and to this 
ail other considérations were made to yield. The serions view that 
I bave taken of my enterprise is proved by the amonnt of labour 
and of pecuniary sacrifice that I bave devoted to my task. Where 
I bave erred, it is from want of ability ; for I bave taken ail the 
pains I could. 

One suggestion that I made to Mr Lombe, and that he approved, 
was that the tfaree sections — Mathematics, Astronomy, and Physics 
— should be revised by a qualified man of science. My personal 
friend Professor Nichol, of Glasgow, was kind enough to undertake 
this service. After two careful readings, he suggested nothing 
material in the way of altération, in the case of the first two 
sections, except the omission of Comte's spéculation on the possible 
mathematical vérification of Laplace's Cosmogony. But more had 
to be done with regard to the treatment of Physics. Every reader 
will see that that section is the weakest part of the book, in regard 
l)oth to the organization and the détails of the subject. In regard 
to the first, the author explains the fact, from the nature of the 
case, — that Physics is rather a repository of somewhat fragmen- 
tary portions of physical science, the corrélation of which is not yet 
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clear, than a single circumscribed science. And we must say for 
him, in regard to the other kind of imperfection, that such advances 
hâve been made in almost every department of Physics since his 
second volume was published, that it would be unfair to présent 
what he wrote under that head in 1836 as what he would hâve to 
say now, The choice lay therefore between almost rewriting this 
portion of M. Comte's work, or so largely abridging it that only a 
skeleton presentment of gênerai priuciples should remain. But as 
the System of Positive Philosophy is much less an Expository than 
a Criticàl work, the latter alternative alone seemed open, under due 
considération of justice to the Author. I hâve adopted therefore 
the plan of extensive omissions, and hâve retained the few short 
memoranda in which Professor Nichol suggested thèse, as notes. 
Although this gentleman bas sanctioned my presentment of Comte's 
chapters on Mathematics and Physics, it must not be inferred that 
he agrées wîth his Method in Mental Philosophy, or assents to 
other conclusions held of main importance by the disciples of the 
Positive Philosophy. The çontrary, indeed, is so apparent in the 
ténor of his own writings, that so far as his numerous readers are 
concerned, this remark need not hâve been offered. With the 
réservation I bave made, I am bound to take the entire responsi- 
bility, — the Work being absolutely and wholly my own. 

It wîU be observed that M. Comte's later works are not referred 
to in any part of this book. It appears to me that tfaey, like our 
English critîcisms on the présent Work, had better be treated of 
separately. Hère his analytical genius bas fuU scope ; and what 
there is of synthesis is, in regard to social science, merely what is 
necessary to render his analysis possible and available. For varions 
reasons, I think it best to stop hère, feeling assured that if this 
Work fulfils its functîon, ail else with which M. Comte bas thought 
fit to foUow it up will be obtaiped as ît is demanded. 

During the whole course of my long task, it bas appeared to me 
that Comte's work is the strongest embodied rebuke ever given to 
that form of theological intolérance which censures Positive Philos- 
ophy for pride of reason and lowness of morals. The imputation 
will not be dropped, and the eumity of the religions world to the 
book will not slacken for its appearing among us in an English 
version. It cannot be otherwise. The theological world cannot 
but liate a book which treats of theological belief as a transient 



X PREFACE. 

state of the Imman mînd. And agaîn, the preacliers and teacliers, 
of ail sects and schools, who keep to the ancient practîce, once 
inévitable, of contemplating and judgîng of the uni verse from the 
point of view of their own minds, instead of havîng learned to take 
their stand ont of themselves, învestîgating from the universe 
inwards, and not from within outwards, must necessarily think ill 
of a work which exposes the futility of their method, and the worth- 
lessness of the results to which it leads. As M. Comte treats of 
theology and metaphysics as destined to pass away, theologîans and 
metaphysicîans must necessarily abhor, dread, and despîse his work. 
They merely express their own natural feelings on behalf of the 
objects of their révérence and the purpose of their lives, when they 
charge Positive Philosophy with irrévérence, lack of aspiration, 
hardness, deficiency of grâce and beauty, and so on. They are no 
judges of the case. Those who are — ^those who hâve passed through 
theology and metaphysics, and, finding what they are now worth, 
hâve risen above them — will pronounce a very différent judgment 
on the contents of this book, though no appeal for such a judgment 
is made in it, and this kind of discussion is nowhere expressly pro- 
vided for. To those who hâve learned the diflScult task of postpon- 
ing dreams to realities till the beauty of reality is seen in its full 
disclosure, while that of dreams melts into darkness, the moral 
charm of this work will be as impressîve as its intellectual satis- 
factions. The aspect in which it présents Man is as favourable 
to his moral discipline, as it is fresh and stimulating to his 
intellectual taste. We find ourselves suddenly living and mov- 
ing in the midst of the universe, — as a part of it, and not as its 
aim and object. We find ourselves living, not under caprîcious and 
arbitrary conditions, unconnected with the constitution and move- 
ments of the whole, but under great, gênerai, invariable laws, which 
operate on us as a part of the whole. Certainly, I can conceive of 
îio instruction so favourable to aspiration as that which shows us 
how great are our faculties, how small our knowledge, how sublime 
the heights which we may hope to attain, and how boundless an 
infinity may be assumed to spread out beyond. We find hère indi- 
cations in passing of the evils we suffer from our low aims, our 
selfish passions, and our proud ignorance ; and in contrast with 
them, animating displays of the beauty and glory of the everlasting 
laws, and of the sweet serenity, lofty courage, and noble resig- 
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nation that are the natiiral conséquence of pursuits so pure, and 
aîms so true, as those of Positive Pbilosophy. Prîde of intel- 
lect surely abides with those who insist on belief without évidence 
and on a philosophy derived from their own întellectual action, 
without material and corroboration from without, and not with 
those who are too scrupulous and too humble to transcend 
évidence, and to add, ont of their own imaginations, to that which 
îs, and may be, referred to other judgments. If it be desired 
to extinguish presumption, to draw away from low aims, to fiU 
life with worthy occupations and elevating pleasures, and to raise 
human hope and human effort to the highest attainable point, it 
seems to me that the best resource is the pursuit of Positive Phi- 
losophy, with its train of noble truths and irrésistible inducements. 
The prospects it opens are boundless ; for among the laws it estab- 
lishes that of human progress is conspicuous. The virtues it 
fosters are ail those of which Man is capable ; and the noblest are 
those which are more eminently fostered. The habit of truth-seek- 
ing and truth-speaking, and of true dealing with self and with ail 
things, is evîdently a primary requisite ; and this habit once per- 
fected, the natural conscience, thus disciplined, will train up ail 
other moral attributes to some equality with it. To ail who know 
what the study of philosophy really is,^-which means the study of 
Positive Philosophy, — its effect on human aspiration and human 
discipline is so plain that any doubt can be explained only on the 
supposition that accusers do not know what it is that they are call- 
ing in question. My hope is that this book may achieve, besides 
the purposes entertained by its Author, the one more that he did 
not intend, of conveying a sufficient rebuke to those who, in theo- 
logical selfishness or metaj)hysical pride, speak evil of a philosophy 
which is too lofty and too simple, too humble and too gênerons, for 
the habit of their minds. The case is clear. The law of progress 
is conspicuously at work throughout human history. The only 
field of progress is now that of Positive Philosophy, under whatever 
name it may be known to the real students of every sect; and 
therefore must that philosophy be favourable to those virtues whose 
repression would be incompatible with progress. 

AvAumn, 1853. 
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POSITIVE PÏÏILOSOPHT 

OF 

AUGÏÏSTE COMTE. 



INTROD UCTION. 



CHAPTEE L 

ACCOUNT OF THB AIM OF THIS WORK — ^VIEW OF THE NATURE AND 

IMPORTANCE OF THE POSITIVE PHILOSOPHY. 

A GENERAL statement of any System of pliilosophy may be eîther a 
sketch of a doctrine to be established, or a summary of a doctrine 
already established. If greater vahie belongs to the last, the first 
is still important, as characterizing from its origîn the subject to be 
treated. In a case like the présent, where the proposed study is 
vast and hitherto indeterminate, it is especially important that the 
field of research should be marked ont with ail possible accuracy. 
For this purpose, I will glance at the considérations whîch hâve 
originated this work, and which will be fully elaborated in the 
course of it. 

In order to understand the triie value and character of the 
Positive Philosophy, we must take a brief gênerai view of the 
progressive course of the human mind, regarded as a whole ; for 
no conception can be understood otherwise than through its history. 

From the study of the development of human intelligence, in ail 
directions, and through ail times, the discovery arises Law ofhwman 
of a great fundamental law, to which it is necessarily progresa, 
subject, and which has a solid foundation of proof, both in the facts 
of our organizalion and in our historical expérience. The law is 

VOL. I. A 



POSITIVE FHILOSOFHY. 



thîs : — ^that each of our leadîng conceptions,— eacli branch of onr 
knowledge, — passes successively through. three différent theoretical 
conditions : the Theologîcal, or fictitîous ; the Metaphysical, or 
abstract ; and the Scientific, or positive. In other words, the 
human mînd, by its nature, ernploys in its progress three methods 
of philosophizing, the character of wliich is essentially différent, 
and even radically opposed : vîz., the theological method, the meta- 
physical, and tlie positive. Hence arise three philosophies, or 
gênerai Systems of conceptions on the aggregate of phenomena, 
each of which excludes the others. The first is the necessary point 
of departure of the human understanding ; and the thîrd is its 
fixed and définitive state. ïhe second îs merely a state of transi- 
tion. 

In the theological state, the human mind, seeking the essential 
nature of beings, the first and final causes (the origîn 
in 9a{ie. ^^^ purpose) of ail effects, — in short, Absolute know- 
ledge, — supposes ail phenomena to be produced by the immédiate 
action of supernatural beings. 

In the metapliysical state, which is only a modification of the 
first, the mind supposes, instead of supernatural 
econ 8 âge. j^çjjjgg^ abstract forces, véritable entities (that is, 
personified abstractions) inhérent in ail beings, and capable of 
producing ail phenomena. What is called the explanation of 
phenomena is, in this stage, a mère référence of each to its proper 
entity. 

In the final, the positive state, the mind has gîven over the vain 

^. ^ , search after Absolute notions, the ori^j^in and destina- 

Third stage, .* r .1 . j i.u ci 

tion 01 the universe, and the causes 01 phenomena, 
and applies itself to the study of their laws, — that is, their invariable 
relations of succession and resemblance. Eeasoning and observa- 
tion, duly combined, are the means of this knowledge. What is 
now understood when we speak of an explanation of facts is simply 
the establishment of a connection between single phenomena and 
some gênerai facts, the number of which continually diminishes 
with the progress of science. 

ïhe Theological System arrived at the highest perfection of which 
Vitimate point it is Capable when it substituted the providential 
ofeach. action of a single Being for the varied opérations of 

the numerous divinities which had been before imagined. In the 
same way, in bhe last stage of the Metaphysical System, men sub- 
stitute one great entity (Nature) as the cause of ail phenomena, 
instead of the multitude of entities at first supposed. In the same 
way, again, the ultîmate perfection of the Positive System would be 
(if such perfection could be hoped for) to represent ail phenomena 
as particular aspects of a single gênerai fact ; — such as Gravitation, 
for instance. 

The importance of the working of this gênerai law will be estab- 
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lîslied hereafter. At présent, it must suffice to point out Bome of 
the çrounds of ît. 

There is no science which, having attaîned the positive stage, 
does not bear marks of having passed throiigh the évidences 
others. Some time since it was (whatever it mîght oftheiaw, 
be) composed, as we can now jierceive, of metaphysical abstrac- 
tions ; and, further back in the course of time, it took its for m from 
theological conceptions. We shall hâve only too 
much occasion to see, as we proceed, that our most 
advanced sciences still bear very évident marks of the two earlier 
periods through which they hâve passed. 

The progress of the individual mind is not only an illustration, 
but an indirect évidence of that of the gênerai mind. The point of 
departure of the individual and of the race being the same, tho 
phases of the mind of a man correspond to the epochs of the mind 
of the race. Now, each of us is aware, if he looks back upon his 
own history, that he was a theologian in his childhood, a meta- 
physician in his youth, and a natuml philosopher in his manhood. 
Ali men wlio are up to their âge can verify this for themselvea 

Besides the observation of facts, we hâve theoretical reasons in 
support of this law. 

The most important of thèse reasons arises from the necessîty 
that always exists for some theory to which to refer 
our facts, combined with the clear impossibility 
that, at the outset of human knowledge, men could hâve formed 
théories out of the observation of facts. AU good intellects bave 
repeated, since Bacon's time, that there can be no real knowledge 
but that which is based on observed facts. This is incontestable, 
in our présent advanced stage; but, if we look back to the primi- 
tive stage of human knowledge, we shall see that it must hâve been 
otherwise then. If it is true that every theory must be based 
upon observed facts,- it is equally true that facts cannot be observed 
without the guidance of some theory, Without such guidance, our 
facts would be desultory and fruitless ; we could not retain them : 
for the most part we could not even perceive them. 

Thus, between the necessity of observing facts in order to form a 
theory, and having a theory in order to observe facts, the human 
mind would hâve been entangled in a vicions circle, but for the 
natural opening afforded by Theological conceptions. This is the 
fundamental reason for the theological character of the primitive 
philosophy. This necessity is confirmed by the perfect suitability 
of the theological philosophy to the earliest researches of the human 
mind. It is remarkable that the most inaccessible questions, — 
those of the nature of beings, and the origin and purpose of phe- 
nomena, — should be the fîrst to occur in a primitive state, while 
those which are really within our reach are regarded as almost 
unworthy of serions study. The reason is évident enough : — ^that 
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expérience alone can teach us tlie measure of our poweis ; and îf 
men had not begun by an exaggerated estimate of what they can 
do, they would never hâve done ail that they are capable of. Our 
organizatîon reqnires thîs. At Buch a perîod there could hâve been 
no réception of a positive philosophy, whose function is to discover 
the laws of phenomena, and whose leading characteristic it is to 
regard as interdicted to humau reason those sublime mysteries 
which theology explaîns, even to their minutest détails, with the most 
attractive facility. It is just so under a practical view of the nature 
of the researches with which men first occupied themselves. Such 
înquiries offered the powerful charm of unlimited empire over the 
external world, — a world destined wholly for our use, and involved 
in every way with our existence. The theological philosophy, 
presenting this view, administered exactly the stimulus necessary 
to incite the human mind to the irksome labour without which it 
could make no progress. We can now scarcely conceive of such a 
State of things, our reason having become sufficiently mature to 
enter upon laborious scientific researches, without needing any such 
stimulus as wrought upon the imaginations of astrologers and 
alchemists. We hâve motive enough in the hope of discovering 
the laws of phenomena, with a view to the confirmation or rejection 
of a theory. But it could not be so in the earliest days ; and it is 
to the chimeras of astrology and alchemy that we owe the long 
séries of observations and experiments on which our positive science 
is based. Kepler felt this on behalf of astronomy, and Berthollet on 
behalf of chemistry. ïhiis was a spontaneous philosophy, the theo- 
logical, the only possible beginning, method, and provisional System, 
out of which the Positive philosophy could grow. It is easy, 
after this, to perceive how Metaphysical methods and doctrines 
must hâve afforded the means of transition from the one to the 
other. 

ïhe human understanding, slow in its advance, could not step at 
once from the theological into the positive philosophy. The two 
are so radically opposed, that an intermediate System of conceptions 
bas been necessary to render the transition possible. It is only in 
doing this, that Metaphysical conceptions hâve any utility whatever. 
In contemplatîng phenomena, men substitute for supernatural direc- 
tion a corresponding entity. This entity may hâve been supposed 
to be derived from the supernatural action : but it is more easily 
lost sîght of, leaving attention free for the facts themselves, till, at 
length, metaphysical agents bave ceased to be anything çaore than 
the abstract names of phenomena. It is not easy to say by what 
other process than this our minds could bave passed from super- 
natural considérations to natural ; from the theological System to 
the positive. 

The Law of human development being thus established, let us 
consider what is the proper nature of the Positive Philosophy. 
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As we hâve seen, tlie first characteristic of the Positive Philos- 
ophy îs that it regards ail phenomena as subjected characurof 
I0 invariable natiiral Laios, Our business is, — seeing Vœ Positive 
how vain is any research into what are called Causes, ^^^^osophp. 
whether first or final, — ^to pursue an accurate discovery of thèse 
Laws, witli a view to reducing them to the smallest possible number. 
By speculating upon causes, we could solve no difficulty about 
orîgin and purpose. Our real business is to analyse accurately the 
cîrcumstances of phenomena, and to connect them by the natural 
relations of succession and resemblance. ïhe best illustration of 
tlîis is in the case of the doctrine of Gravitation. We say that the 
gênerai phenomena of the uni verse are explained by it, because it 
connects under one head the whole immense variety of astronomical 
facts ; exhibiting the constant tendency of atoms towards each 
other in direct proportion to thëir masses, and in inverse proportion 
to the squares of their distances ; whilst the gênerai fact itself is a 
raere extension of one which is perfectly familiar to us, and which 
we therefore say that we know ; — the weight of bodies ou the sur- 
face of the earth. As to what weight and attraction are, we hâve 
nothing to do with that, for it is not a matter of knowledge at ail. 
Theologians and metaphysicians may imagine and refine about such 
questions ; but positive philosophy rejects them. When any 
attempt bas been made to explain them, it bas ended only in saying 
that attraction is universal weight, and that weight is terrestrial 
attraction : that is, that the two orders of phenomena are identical ; 
which is the point from which the question set out. Again, M. 
Fourier, in his fine séries of researches on Heat, bas given us ail the 
most important and précise laws of the phenomena of heat, and 
raany large and new truths, without once inquiring into its nature, 
as his predecessors had donc when they disputed about calorific 
matter and the action of an universal ether. In treating his sub- 
ject in the Positive method, he finds inexhaustîble material for ail his 
activity of resçarch, without betaking himself to insoluble questions. 

Befoi-e ascertaining the stage which the Positive Philosophy bas 
reached, we must bear in mind that the différent kinds ffistory ofthe 
of our knowledge bave passed through the three Positive Phi- 
stages of progress at difierent rates, and bave not ^o'^^y- 
therefore arrived at the same time. The rate of advance dépends 
on the nature of the knowledge in question, so distinctly that, as we 
sliall see hereafter, this considération constitutes an accessary to the 
fundamental law of progress. Any kind of knowledge reaches the 
positive stage early in proportion to its generality, simplicity, and 
independence of other departments. Astronomical science, which 
is above ail made up of facts that are gênerai, simple, and indepen- 
dent of other sciences, arrived first ; tlien terrestrial Physics ; then 
Chemistry ; and, at length, Physiology. 

It is difficult to assign any précise date to thîs révolution iu 
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science. It may be saîd, lîke everythîng else, to hâve been always 
goÎDg on ; and especîally sînce the labours of Aristotle and tbe 
school of Alexandria ; and then from the introduction of natural 
science into the West of Europe by the Arabs. But, if we must fix 
upon some marked period, to serve as a rallyîng point, it must be 
that, — about two centuries ago, — when the human mind was astir 
uiider the precepts of Bacon, the conceptions of Descartes, and the 
discoveries of Galileo. Then it was ihat the spirit of the Positive 
philosipphy rose up in opposition to that of the superstitious and 
scholastic Systems which had hitherto obscured the true character 
of hU science. Since that date, the progress of the Positive philos- 
ophy, and the décline of the other two, bave been so marked that 
no rational mind now doubts that the révolution is destined to go 
on to its completion, — every branch of knowledge being, sooner or 
later, brought within the opération of Positive philosophy. This is 
not 3'et the case. Some are still lying outside : and not till they 
are brought in will the Positive philosophy possess that character o£ 
universality which is necessary to its définitive constitution. 

In mentionîng just now the four principal catégories of phenomena, 

— astronomical, physical, chemical, and physiological, — «there was 

NewdepaHTnmt ^° omission which will bave been noticed. Nothing 

of Positive was said of Social phenomena. ïhough involved 

Philosophy, ^jij^ ^jjQ physiological, Social phenomena demand a 

distinct classification, both on account of their importance and of 
their difficulty. They are the most individual, the most complicated, 
the most dépendent on ail others ; and therefore they must be the 
latest, — even if they had no spécial obstacle to encounter. This 
branch of science has not hitherto entered into the domain of Positive 
philosophy. Theological and metaphysical methods, exploded in 
other departments, are as yet exclusively applied, both in the way 
of inquiry and discussion, in ail treatment of Social subjects, thougli 
the best minds are heartily weary of eternal disputes about divine 
right and the sovereignty of the people. This is the great, while it 
is evidently the only gap which has to be filled, to constitute, solid 
and entire, the Positive Philosophy. Now that the human mind 
has grasped celestial and terrestrîal physics, — mechanical and 
chemical ; organîc physics, both vegetable and animal, — there 
remains one science, to fiU up the séries of sciences of observation, — 
Social physics. This is what men bave now most need of : and 
this it is the principal aim of the présent work to establish. 

It would be absurd to prétend to ofFer this new science at once 
Social Physics. ^^ ^ Complète statc. Others, less new, are in very 

unequal conditions of forwardness. But the same 
character of positivity which is impressed on ail the others will be 
shown to belong to this. This once donc, the philosophical System 
of the modems will be in fact complète, as there will then be no 
phenomenon which does not naturally enter into some one of the 
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five great catégories. AU our fiindameotal conceptions having 
become homogeneous, tlie Positive state will be fully established. 
It can never again change its character, though it will be for ever 
in coui-se of development by additions of new knowledge. Having 
acquired the character of universality whi.ch bas hitherto been the 
only advantage resting with the two preceding Systems, it will 
sui)ei-sede them by its natural superiority, and leave to them only 
an historical existence. 

We hâve stated the spécial aim of this work. Its secondary and 
gênerai aim is this : — to review what bas been effected Secondary aim 
m the Sciences, in order to show that they are not o/mswork^ 
radically separate, but ail branches from the same trunk. If we 
had confined ourselves to the first and spécial object of the work, we 
should bave produced merely a study of Social physics : whereas, in 
introducing the second and gênerai, we offer a study of Positive 
philosophy, passing in review ail the positive sciences already 
formed. 

The purpose of this work is not to give an accouut of the Natural 
Sciences. Besides that it would be endless, and that j,^ review the 
it would require a scientific préparation such as no phUosopky of 
one man possesses, it would be apart from our object, ^^^ Sciences. 
whîch is to go thron<rh a course of not Positive Science, but 
Positive Philosophy. We bave only to consider each fundamental 
science in its relation to the whole positive System, and to the spirit 
which characterizes it ; that is, with regard to its methods and its 
chief results. 

ïhe two aims, though distinct, are inséparable ; for, on the one 
hand, there can be no positive philosophy without a basis of social 
science, without which it could not be all-comprehensive ; and, on 
the other hand, we could not pursue Social science without having 
been prepared. by the study of phenomena less complicated than 
those of Society, and furnished with a knowledge of laws and anterior 
facts which bave a bearing upon social science. Though the funda- 
mental sciences are not ail equally interesting to ordinary minds, 
there is no one of them that can be neglected in an inquiry like the 
présent ; and, in the eye of philosophy, ail are of equal value to 
human welfare. Even those which appear the least interesting bave 
their own value, either onaccountof the perfection oftheir methods, 
or as being the necessary basis of ail the others. 

Lest it should be supposed that our course will lead us into a 
wilderness of such spécial studies as are at présent . . 

the bane of a true positive philosophy, we will briefly ^^^ * ^* 
advert to the existing prevalence of such spécial pursuit. In th(^ 
primitive state of human knowledge there is no regular division of 
intellectual labour. Every student cultivâtes ail the sciences. As 
knowledge accrues, the sciences part off ; and students dévote them- 
selves each to some one branch. It is owing to this division of 
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employment, and concentration of whole mînds upon a sînglo 
department, that science has made so prodigious an advance ia 
modem times; and the perfection of this division is one of the 
most important characteristics of the Positive philosophy. But, 
while admitting ail the merits of this change, we cannot be blind 
to the eminent disadvantages which arise from the limitation of 
minds to a particular study. It is inévitable that each should be 
possessed witli exclusive notions, and be therefore incapable of the 
gênerai superiority of ancient students, who actually owed that 
gênerai superiority to the inferiority of their knowledge. We must 
consider whether the evil can be avoîded without losing the good of 
ihe modem arrangement ; for the evil is becoming urgent. We ail 
acknowledge that the divisions established for the convenience of 
scientific pursuit are radically artifîcial ; and yet there are very few 
who can einbrace in idea the whole of any one science : each science 
moreover being itself only a part of a great whole. Almost every 
one is busy about bis own particular section, without much 
thought about its relation to the gênerai System of positive know- 
ledge. We must not be blind to the evil, nor slow in seeking a 
remedy. We must not forget that this is the weak side of the 
positive philosophy, by which it may yet be attacked, with some 
hope of success, by the adhérents of the theological and metaphysi- 
cal Systems. As to the remedy, it certainly does not lie in a return 
to the ancient confusion of pursuits, which would be mère 
retrogression, if it were possible, which it is not. It lies in 
perfecting the division of employments itself, — in carrying it one 
degree higher, — ^in constituting one more speciality from the study 
of scientific generalities. Let us bave a new class of students, 
Proposedneuj suitably prepared, whose business it shall be to take 
class ofstu' the respective sciences as they are, détermine the 
dents. spirit of cach, ascertain their relations and mutual 

connection, and reduce their respective principles to the smallest 
number of gênerai principles, in conformity with the fundamental 
iules of the Positive Method. At the same time, let other students 
be prepared for their spécial pursuit by an éducation which recog- 
nizes the whole scope of positive science, so as to profit by the 
labours of the students of generalities, and so as to correct 
reciprocally, under that guidance, the results obtained by each. We 
see some approach already to this arrangement. Once established, 
there would be nothing to apprehend from any extent of division 
of employments. When we once bave a class of learned men, at 
the disposai of ail others, whose business it shall be to connect each 
new discovery with the gênerai System, we may dismiss ail fear of 
the great whole being lost sight of in the pursuit of the det^iils of 
knowledge. The organization of scientific research will then be 
complète; and it will henceforth bave occasion only to extend 
its development, and not to change its character. After ail the 
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formation of such a new class as is proposée! would be merely an 
extension of the principle which has created ail the classes we bave. 
While science was narrow, there was only one class : as it expanded, 
more were îustituted. With a further advance a fresh need arises, 
and thîs new class will be the resuit. 

ïhe gênerai spirit of a course of Positive Philosophy havîng been 
tlius set forth, we must now glance at the chief ad- Aâvantages of 
vantages which may be derived, on behalf of hnman the Positive 
])rogression, from the study of it. Of thèse advan- ^^i^osopkp. 
tages, four may be especially pointed out. 

I. ïhe study of the Positive Philosophy affords the only rational 
means of exhibiting the logical laws of the human niustrates the 
mind, which bave hitherto been sought by unfit inteUectuai 
methods. To explain what is meant by this, we may f^^^^^^ 
refer to a saying of M. de Blainville, in bis work on Comparative 
Anatomy, that every active, and especially every living being, may 
be regarded under two relations — the Statical and the Dynamical ; 
that is, under conditions or in action. It is clear that ail considéra- 
tions range themselves under the onc or the other of thèse heads. 
Let us apply this classification to the intellectual functions. 

If we regard thèse functions under their Statical aspect —that is, 
if we consider the conditions under which they exist — we must dé- 
termine the organic circumstances of the case, which inquiry involves 
it with anatomy and physiology. If we look at the Dynaraic aspect. 
"we bave to study simply the exercise and results of the intellectual 
powers of the human race, which is neither more nor less than the 
gênerai object of the Positive Philosophy. In short, looking at ail 
scientific théories as so many great logical facts, it is only by the 
thorough observation of thèse facts that we can arrive at the know- 
ledge of logical laws. Thèse being the only means of knowledge of 
intellectual phenomena, the illusory psychology, which is the last 
phase of theology, is excluded. It prétends to accomplish the dis- 
covery of the laws of the human mind by contemplating it in itself ; 
that is, by separating it from causes and effects. Such an attempt, 
made in défiance of the physiological study of our intellectual organs, 
and of the observation of rational methods of procédure, cannot 
succeed at this time of day. 

The Positive Philosoph}^ which has been rising sînce the time 
of Bacon, has now secured such a prépondérance, that the meta- 
physicians themselves profess to gi-ound their pretended science on an 
observation of facts. They talk of external and internai facts, and 
say that their business is with the latter. This is much like saying 
that vision is explaîned by luminous objects painting their images 
upon the retinu. To this the physiologists reply that another eye 
would be needed to see the image. In the same manner, the mind 
may observe ail phenomena but its own. It may be said that a 
man*s intellect may observe bis passions, the seat of the reasou 
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heîng Bomewlial npart from that of tlie émotions in Uie brain ; but 
there can benotbiiig like scientific obseiTation of the passions, except 
from witbout, as tbe stir of the émotions disturbstheobserving facnltiea 
more or less. It is yet more out of the question to make an iutel- 
lectual observation of intellectual processes. The observing and 
observed organ are liere the same, and its action cannot be pure 
and natural. In order to observe, your intellect raust pause fi-om 
activity ; yet it is this very activity tliat you want to observe. If 
you cannot effect the pause, you cannot observe : if you do eflfect it, 
there is nothing to observe. ïhe results of such a method are in 
proportion to its absurdity. After two thousand years of psychological 
pursuit, no one proposition is established to the satisfaction of its 
followers. They are divided, to this day, into a multitude of schools, 
still disputing about the very éléments of their doctrine. This in- 
terior observntion gives birth to almost as many théories as there are 
observers, We ask in vain for any one discovery, great or small, 
which bas been made under this method. The psychologists hâve 
donc some good in keeping up the activity of our understandings, 
when there was no better work for our faculties to do ; and they 
may bave added somethîng to our stock of knowledge. If they 
bave done so, it is by practising the Positive method — ^by observing 
the progress of the human mind in the light of science ; that is, by 
ceasing, for the moment, to be psychologists. 

The view just gîven in relation to logîcal Science becomes yet 
more striking when we consider the logical Art 

The Positive Method can be judged of only in action. It cannot 
be lookcd at by itself, apart from the work on which it is employed. 
At ail cvents, such a contemplation would be only a dead study, 
which could produce nothing in the mind which loses time upon it 
We may talk for ever about the method, and state it in terms very 
wisely, witbout knowing half so much about it as the man who bas 
once put it in practice upon a single particular of actual research, 
even witliout any philosophical intention. Thus it is that psychol- 
ogists, by dint of reading the precepts of Bacon and the discourses 
of Doscartes, bave mistaken their own dreams for science. 

Witbout saying whether it will ever be {)Ossible to establish à 
^priori a true method of investigation, independent of a philosophical 
study of the sciences, it is clear that the thing bas never been done 
}'et, and that we are not capable of doing it now. We cannot as 
yet explain the great logical procédures apart from their application. 
If we ever do. it will i*emain as necessary then as now to forra good 
intellectual habits by studying the regular application of the scientific 
methods which we shall hâve attained. 

This, then, is the first great resuit of the Positive Philosophy — 
the manifestation by experiment of the laws which nile the Intel- 
lect in tho investigation of truth ; and, as a conséquence, the know- 
ledge of the gênerai rules suitable for that object 
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IL The second effect of the Positive Phîlosopliy, aa effect not 
less important and far more urgently wanted, will be mvm regenerate 
to regenerate Education. Education. 

The best mînds are agreed that our Enropean éducation, still 
essentially theologîcal, metaphysical, and literary, mnst be super- 
seded by a Positive training, conformable to our time and needs. 
Even the governments of our day hâve shared, where they hâve 
not orîginated, the attempts to establish positive instruction ; and 
thîs îs a strikîng indication of the prévalent sensé of what is 
wanted. While encouragîng such endeavours to the utmost, we 
raust not however conceal from aurselves that everything yet done 
is inadéquate to the object. The présent exclusive speciality of 
our pursuits, and the conséquent isolation of the sciences, spoil our 
teaching. If any student désires to fonn an idea of natural philos- 
ophy as a whole, he is compelled to go through each department 
as it is novv taught, as if he were to be only an astronomer, 
or only a chemist; so that, be his intellect what it may, his 
training must remain very imperfect. And yet his object requires 
that he should obtain gênerai positive conceptions of ail the 
classes of natural phenomena. It is such an aggregate of con- 
ceptions, whether on a great or on a small scale, which must hence- 
ibrth be the permanent basis of ail human combinations. It will 
constîtute the mind of future générations. In order to this régén- 
ération of our intellectual System, it is necessary that the sciences, 
considered as branches from one trunk, should yield us, as a whole, 
theîr chief methods and their most important results. The spéci- 
al îties of science can be pursued by those whose vocation lies in that 
direction. They are indispensable ; and they are not likely to be 
neglected ; but they can never of themselves renovate our System 
of Education ; and, to be of theîr full use, they must rest upon the 
basis of that gênerai instruction which is a direct resuit of the 
Positive Philosophy. 

III. The same spécial study of scientific generalities must also 
aid the progress of the respective positive sciences : ^avances 
and thîs constitutes our third head of advantages. sciences by 

The divisions which we establish between the comhining them. 
sciences are, though not arbitrary, essentially artificîal. The sub- 
ject of our researches îs one : we divide it for our convenience, in 
order to deal the more easîly with its difficulties. But it sometimes 
happens — and especially with the most important doctrines of each 
science — that we need what we cannot obtain under tlie pi-esent 
isolation of the sciences, — ^a combination of several spécial points of 
view ; and for want of this, very important problems wait for their 
solution much longer than they otherwise need do. To go back 
into the past for an example: Descartes* grand conception with 
regard to analytlcal geometry is a discovery which bas changed the 
whole aspect of mathematical science, and yielded the germ of ail 
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future progress; and ît issued fromthe union of two sciences whîch 
liad alvvays before been separately regarded and pursued. The case 
of pending questions is yet more impressive ; as, for instance, in 
Chemistry, the doctrine of Definite Proportions. Without enterîng 
upon the discussion of the fundamental princîple of this theory, we 
niay say with assurance that, in order to détermine it — ^in order to 
détermine whether it is a law of nature thatatoms shoiild necessarily 
combine in fixed nurabers, — itwill be indispensable that the chemîcal 
point et* view should be united with the physiological. The failure 
of the theory with regard to organic bodies indicates that the cause 
of this immense exception must be investigated ; and such an inquiry 
belongs as much to physiology as te chemistiy. Again, it is as yet 
undecided whether azote is a simple or a compound body. It was 
concluded by almost ail chemists that azote is a simple body ; the 
il histrions Berzelius hesitated, on purely chemical considérations ; 
but he was also influenced by the physiological observation that 
animais which receive no azote in their food hâve as much of it in 
their tissues as carnivorous animais. From this we see how physi- 
ology must unité with chemistry to inform us whether azote is 
simple or compound, and to înstitute a new séries of researches upon 
the relation between the composition of living bodies and their mode 
of alimentation. 

Such is the advantage which, in the third place, we shall owe to 
Positive philosophy — the elucidation of the respective sciences by 
their combînation. In the fourth place 

IV. The Positive Philosophy offers the only solid basis for that 
Mustreorgan- Socîal Reorganizatîon which must suçceed the 
ize Society, critical Condition in which the most civilized nations 

are now living. 

It cannot be necessary to prove to anybody who reads this work 
that Ideas govern the world, or throw it into chaos ; in other words, 
that ail social mechanism rests upon Opinions. The great })olitical 
and moral crisis that societies are now undergoing is shown by a 
rigid analysis to ai'ise out of intellectual anarchy. While stability 
in fundamental maxims isthe first condition of genuine social order, 
we are sufFering under an utter disagreement whîch may bé called 
universal. Till a certain number of gênerai ideas can be acknow- 
ledged as a rallying-point of social doctrine, the nations will remain 
in a revolutionary State, whatever palliatives may be devised; and 
their institutions can be only provisional. But whenever the 
necessary agreement on first principles can be obtained, appropriate 
institutions will issue from them, without shock or résistance ; for 
the causes of disorder will iiave been arrested by the mère fact of 
the agreement. It is in this direction that those must look who 
désire a natural and regular, a normal state of society. 

Now, the existing disorder is abundantly accounted for by the 
existence, ail at once, of three incompatible philosophies, — the 
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theologîcal, tlie metaphysîcal, and the positive. Any one of thèse 
might alone secure some sort of social order ; but wliile the ihree 
co-exîst, it is impossible for us to understand one another upon any 
essential point whatever. It this is true, we hâve only to ascertain 
which of the philosophies must, in the nature of thîngs, prevail ; 
and, this ascertained, every man, whatever may hâve been his former 
views, cannot but concur in its triumph. The problem once 
recognized cannot remain long unsolved ; for ail considérations 
whatever point to the Positive Philosophy as the one destined to 
prevail. It alone bas been advancing during a course of centuries, 
throughout which the others hâve been declining. The fact is 
incontestable. Some may déplore it, but none can destroy it, nor 
therefore neglect it but under penalty of being betrayed by illusory 
spéculations. This gênerai révolution of the human mind is nearly 
accomplished. We bave only to complète the Positive Philosophy 
by bringing Social plienomena witlnn its compréhension, and after- 
wards consolidating the whole into one body of homogeneous 
doctrine. The marked préférence which almost ail minds, from 
the highest to the commonest, accord to positive knowledge over 
vague and mystical conceptions, is a pledge of what the réception 
of this philosophy will be when it bas acquired the only quality that 
it now wants — a character of due generality. When it has become 
complète, its supremacy will take place spontaneously, and will 
re-establish order throughout society. There is, at présent, no 
conflict but between the theological and the metaphysical philoso- 
phies. They are contending for the task of reorganizing society ; 
Î3ut it is a work too raighty for either of them. The positive 
philosophy has hitherto intervened only to examine both, and both 
are abundantly discredited by the process. It is time now to be 
doing something more eflfective, without wasting our forces in needlesa 
controversy. It is time to complète the vast Intel lectual opération 
begun by Bacon, Descartes, and Galileo, by constructing the System 
of gênerai ideas which must henceforth prevail among the human 
race. This is the way to put an end to the revolutionary crisis 
which is tormenting the civilized nations of the world. 

Leaving thèse four points of advantage, we must attend to one 
precautionary reflection. 

Because it is proposed to consolidate the whole of our acquired 
knowledge into one body of homogeneous doctrine, it j^^ jiopeofre- 
must not be supposed that we are going to study this ductwn to a 
vast variety as proceeding from a single principle, '^^ff^^^- 
and as subjected to a cingle law. There is something so chimerical 
in attempts at universal explanation by a single law, that it may 
be as well to secure this Work at once from any imputation of the 
kind, though its development will show how undeserved such an 
imputation would be. Our intellectual resources are too narrow, 
and the universe is too complex, to leave any hope that it will ever 
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be within our power to caiTy scîeotîfic perfection to its last degree 
of simplicity. Moreover, it appears as if the value of siich an 
attainment, snpposing it possible, wei'e greatly overrated. ïhconly 
way, for instance, in which we could achieve the b^ieiness, would 
be by Connecting ail natural phenomena with the most gênerai law 
we know, — which is that of Gravitation, by which astronomical 
phenomena are already connected with a portion of terrestrîal 
l)hysics. Laplace has indicated that chemical phenomena may be 
regarded as simple atomic eflfects of the Newton ian attraction, 
modified by the form and mutual position of the atoms. But 
snpposing this view proveable (which it cannot be while we are 
withoiit data about the constitution of bodies), the difficulty of îts 
application would doubtless be found so great that we must still 
inaintain the existing division between astronoray and chemistry, 
with tlie différence that we now regard as natural that division 
which we should then call artifîciaL Laplace himself presented 
lus idea only as a philosophie device, incapable of exercising any 
useful influence over the progress of chemical science. Moreover, 
snpposing this insuperable difficulty overcome, we should be no 
nearer to scientific unity, since we then should still hâve to connect 
the whole of physiological phenomena with the same law, which 
certainly would not be the least difficult part of the enterprise. 
Yet, ail things considered, the hypothesis we hâve glanced at would 
be the most favourable to the desired unity. 

The considération of ail phenomena as referable to a single origia 
is by no means necessary to the systematic formation of science, 
any more than to the realizatîon of the great and happy conséquences 
that we anticipate from the positive philosophy. ïhe only neces- 
sary unity is that of Method, which is already in great part estab- 
lîshed. As for the doctrine, it need not be (me ; it is enough that 
it should be homogeneous, It is, then, under the double aspect of 
unity of method and homogeneousness of doctrine that we shall 
consider the diflferent classen of positive théories in this work. 
Wliile pursuing the philosophical aim of ail science, the lessening 
of the number of gênerai laws requisite for the explanation of natu- 
ral phenomena, we shall regard as presumptuous every attempt, in 
ail future time, to reduce them rigorously to one. 

Having thus endeavoured to détermine the spîrit and influence 
of the Positive Philosophy, and to mark the goal of our labours, we 
hâve now to proceed to the exposition of the System ; that is, to 
the détermination of the universal, or encyclopsedic order, which 
must regulate the diflferent classes of natural phenomena, and con- 
sequently the corresponding positive sciences. 
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CHAPTER IL 

VIEW OF THE HIERAKCHY OF THE POSITIVE SCIENCES. 

In proceeding to offer a Classification of the Sciences, we must 
leave on one side ail others that hâve as yet been attempted. Such 
Bcales as those of Bacon and D'Alembert are con- paiiure ofpro- 
structed upon an arbitrary division of the faculties of posed cLamfi- 
the mind ; whereas, onr principal faculties are often <^«*"'"*- 
engaged at the same time in any scientific pursuit. As for other 
classifications, they hâve failed, through one fault or another, to 
command assent : so that there are almost as many schemes as 
there are indîviduals to propose them. The failiire lias been so 
conspicuous, that the best minds feel a préjudice against this kind 
of enterprise, in any shape. 

Now, what is the reason of this ? — For one reason, the distribution 
of the sciences, havîng become a somewhat discredited task, bas of 
late been undertaken chîefly by persans who hâve no sound knowledge 
of any science at ail. A more important and less pei^sonal reason, 
however, is the want of homogeneousness in the différent parts of the 
intellectual system, — some having successitely become positive, while 
others remain theological or metaphysical. Among such incohérent 
materials, classification is of course impossible. Every attempt at a 
distribution bas failed from this cause, withoutthe distributor being 
able to see why ; — without bis discovering that a radical contrariety 
existed between the materials he was endeavouring to combine. 
The fact was clear enough, if it had but been understood, that the 
enterprise was prématuré; and that it was useless to undertake 
it till our principal scientific conceptions should ail bave become 
positive. The preceding chapter seems to show that this in- 
dispensable condition may now be considered fulfilled : and thus 
the time bas arrived for laying down a sound and durable system of 
scientific order. 

Wc may dérive encouragement from the example set by récent 
botanists aiid zoologists, whose philosophical labours bave exhibited 
the true principle of classification ; viz., that the classification must 
proceed from the study of the things to be classified, and must by no 
means be determined by àpriori considérations. The real affinities 
and natural connections presented by objects being allowed to déter- 
mine their order, the classification itself becomes the expression 
of the most gênerai fact. And thus does the positive method apply 
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to the question of classification itself, as well as to the objects in- 
Trueprincipie cluded under it. It follows that the mutual depend- 
of classification, euce of the sciences, — ^a dependence resiilting from 
that of the corresponding phenomeoa, — must détermine the arrange- 
ment of the System of human knowledge. Before proceeding to 
investigate this mutual dependence, we hâve only to ascertain the 
real bounds of the classification proposed : in other words, to settle 
what we mean by human knowledge, as the subject of this work. 
The field of human labour is either spéculation or action : and 
Boundaries thus, we are accustomed to divide our knowledge 
ofour field, j^to the theoretîcal and the practical. It is obvions 
that, in this inquiry, we hâve to do only with the theoretical. We 
are not going to treat of ail human notions whatever, but of those 
fundaraental conceptions of the différent orders of phenomena which 
furnish a solid basis to ail combinations, and are not founded on 
any antécédent intellectual System. In such a study, spéculation is 
our material, and not the application of it, — except where the appli- 
cation may happen to throw back light on its spéculative origin. 
This is probably what Bacon meant by that First Philosophy which 
lie declared to be an extract from the whole of Science, and which 
lias been so difFerently and so strangely interpreted by his meta- 
physical commentators. 

There can be no doubt that Man's studv of nature must furnish 
the only basis of his action upon nature ; for it is only by knowing 
the laws of phenomena, and thus being able to foresee them, that we 
can, in active life, set them to modify one another for our advantage. 
Our direct natural powei* over everything about us is extremely 
weak, and altogether disproportioned to our needs. Whenever we 
effect anything great it is through a knowledge of natural laws, by 
which we can set one agent to work upon another, — even very weak 
modifying éléments producing a change in the results of a large 
aggregate of causes. The relation of science to art may be summed 
up in a brief expression : 
From Science comes Prévision : from Prévision comes Action. 
We must not, however, fall into the error of our time, of regard- 
ing Science chiefly as a basis of Art. However great may be the 
services rendered to Industry by science, however true may be the 
saying that Knowledge is Power, we must never forget that the 
sciences hâve a higher destination still ; — ^and not only higher but 
more direct; — that of satisfying the craving of our understanding 
to know the laws of phenomena. To feel how deep and urgent this 
need is, we hâve only to consider for a moment the physiologîcal 
effects of consternation, and to remember that the most terrible 
sensation we ai'e capable of, is that which we expérience when any 
phenomenon seems to àrise in violation of the familiar laws of nature. 
This need of disposing facts in a compréhensible order (which is 
the proper object of ail scientific théories) is so inhérent in our 
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organîzation, tliat if we coiild not satîsfy it by positive conceptions, 
we must inevitably return to those tlieological aud metaphysîcal 
explanations which liad tlieir origin in tliis very fact ot* liiunan 
nature. — It is this original tendency which acts as a preservative, 
in ihe minds of men of science, against the narrowness and incom- 
pleteness which the practical habits of onr âge are apt to prodiice. 
It is througli this that we are able to maintain just and noble ideas 
of the importance and destination of the sciences; and if it were 
not thus, the human understanding woiild soon, as Condorcet bas 
observed, come to a stand, even as to the practical applications for 
the sake of which higher things had been sacrificed ; for, if the arts 
flow from science, the neglect of science must destroy the conséquent 
arts. Some of the most important arts are derived from spéculations 
pursued during long âges with a purely scientific intention. For 
instance, the ancient Greek geometers delighted themselves with 
beautiful spéculations on Conic Sections; those spéculations wrought, 
after a long séries of générations, the rénovation of astronomy ; and 
<>ut of this bas the art of navigation attained a perfection which it 
never could bave reached otlierwise than through the spéculative 
labours of Archiraedes and Apollonius : so tliat, to use Condorcet s 
illustration, **the sailor who is preserved from shipwreck by the 
exact observation of the longitude, owes bis life to a theory conceived 
Iwo thousand years before by men of genius who had in view simply 
geometrical spéculations." 

Our business, it is clear, is with theoretical researches, letting 
alone their practical application altogether. Though we may con- 
ceive of a course of study which should unité the generalities of 
spéculation and application, the time is not come for it. To say 
notbing of its vast extent, it would require preliminary achievements 
which bave not yet been attempted. We must first be in possession 
of appropriate Spécial conceptions, formed according to scientific 
théories ; and for thèse we bave yet to wait. Meantime, an inter- 
mediate class is rising up, whose particular destination is to organize 
the relations of theory aud practice; such as the engineers, who do 
not labour in the advancement of science, but who study it in its 
existing state, to apply it to practical purposes. Such classes are 
furnishing us with the éléments of a future body of doctrine on 
the théories of the différent arts. Already, Monge, in bis view of 
descriptive geometry, has given us a gênerai theory of the arts of 
construction. But we bave as yet only a few scattered instances 
of this nature. The time will come when out of such results, 
a department of Positive philosophy may arise : but it will be in 
a distant future. If we remember that several sciences are im- 
plicated in every important art, — that, for instance, a true theory 
of Agriculture requires a combination of physiological, chemical, 
mechanical, and even astrouomical and mathematical science, 
— it will be évident that true théories of the arts must wait 
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for a large and eqiiable developmeat of thèse constituent 
sciences. 

One more prelîmînaiy remark occurs, before we finish the pre- 
scription of oiir limits, — the ascertaînment of oiir field of inquiry. 

We must distinOTish between the two classes of 

Abstract science, xtxi» xT_iii. i"u*uu 

Na tarai science ; — the absiract or gênerai, which hâve 
for theîr object the discovery of the laws which regulate phenornena 
^ ^ . in ail conceivable cases : and the concrète, particular, 

Concrète science. , . ^. , . , ^. n i -kt x i 

or descriptive, winch are soraetirnes called Raturai 
sciences în a restricted sensé, whose function it is to apply thèse 
laws to the actual history of existing beings. The first are funda- 
niental ; and our business is with tliem alone, as tlie second are 
derived, and however important, not rising into the rank of our 
siibjects of contemplation. We sliall treat of physiology, but not 
of botany and zoology, which are derived from it. We shall treat 
of chemistry, but not of mineralogy, which is secondary to it. — We 
may say of Concrète Pliysics, as thèse secondary sciences are called, 
the same thing that we said of théories of the arts, — that they 
require a preliniinary knowledge of several sciences, and an advance 
of those sciences not yet achieved; so that, if there were no other 
reason, we must leave thèse secondary classes alone. At a future 
time Concrète Physics will hâve made pvogress, according to the 
development of Abstract Physics, and will afford a mass of less in- 
cohérent materials than those which it now présents. At })resent, 
too few of the students of thèse secondary sciences appear to be even 
aware that a due acquaintance with the primaiy sciences is requisite 
to ail successful prosecution of their own, 
We hâve now considered, 

First, that science being composed of spéculative knowledge and 
of practical knowledge, we hâve to deal oniy with the first ; and 

Second, that theoretical knowledge, or science properly so called, 
being divided into gênerai and particular, or abstract and concrète 
science, we hâve again to deal only with the first. 

Being thus in possession of our proper subject, duly prescrîbed, 
we may proceed to the ascertainment of the true order of the fUnda- 
mental sciences. 

ïhis classification of the sciences îs not so easy a matter as it 

Difficulté of may appear. However natural it may be, it will 

classification. always involve something, if not arbitrary, at leasfc 

artificîal ; and in so far, it will always involve imperfection. It is 

impossible to fulfil, quite rigorously, the object of presentin^J the 

sciences in their natural connection, and according to their mutual 

dependence, so as to avoid the smallest danger of being involved in 

a vicions circle. It is easy to show why. 

Historicai and Tîvery science may be exhibited under two methods 

dogmatic ov proceduies, the Historical and the Dogmatic. 

methods. Thesc are wholly distinct fiom each other, and aiiy 



METHODS OF STUD K i g 

other method can be notbîno: but some combînation of thèse two. Bv 
the first method knowledge îs presented in the saine order in which 
it was actnally obtained by the human mind, together with the way 
in which it was obtained. By the second, the systera of ideas is 
presented as it might be conceived of at this day, by a mind which, 
duly prepared and placed at the right point of vîew, should begin 
to reconstitiite the science as a whole. A new science must be 
pnrsued historically, the only thing to be done being to study in 
chronological order the différent works which hâve contributed to 
the progress of the science. But when such materials hâve become 
recast to form a gênerai System, to meet the demand for a more 
uatural logical order, it is because the science is too far advanced 
for the historical or<ler to be practicable or suitable. ïhe more 
discoveries are made, the greater becomesthe labour of the historical 
method of study, and the more effectuai the dogmatic, because the 
iiew conceptions bring forward the earlier oues in a fresh b'ght. 
ïhus, the éducation of an ancien t geometer consisted simply in the 
Ktudy, in their due order, of the very small number of original 
Ireatises then existing on the différent parts of geometry. The 
writings of Archimedes and Apollonius were, in fact, ahout afl. On 
the coutrary, a modem geometer commonly finishes his éducation 
without havîng read a single original work datîng further back than 
llie most récent discoveries, which cannot be known by any other 
nieans. ïhus the Dogmatic Method is for ever superseding the 
Historical, as we advance to a higher position in science. If every 
mind had to pass through ail the stages that every predecessor in 
the study had gone through, it is clear that, however easy it is to 
learn rather than invent, it would be impossible to effect the pur- 
jiose of éducation, — to place the student on the vantage-ground 
gained by the labours of ail the men who hâve gone before. By 
llie dogmatic method this is done, even though the living student 
may hâve only an ordinary intellect, and the dead may hâve been 
men of lofty génius. By the dogmatic method therefore must every 
advanced science be attained, with so much of the historical com- 
hined with it as is rendered necessary by discoveries too récent to 
he studied^elsewhere than in their own records. The only objection 
to the préférence of the Dogmatic method is that it does not show 
liow the science was attained ; but a moment's reflection will show 
that this is the case also with the Historical method. To pursue 
a science historically is quite a différent thing from learning the 
liistory of its progress. This last pertains to the study of human 
history, as we shall see when we reach the final division of this 
work. It is true that a science cannoi be complet ely understood 
without a knowledge of how it arose ; and again, a dogmatic know- 
ledge of any science is necessary to an understanding of its history ; 
and therefore we shall notice, in treating of the fundamental 
sciences, the incidents of their origin, when distinct and illustra- 
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tive ; and we shall use theîr liîstory, in a Rcîentîfic sensé, în onr 
treatment of Social Physics; but the historical study, important, 
even essential, as it is, reraains entîrely distinct frora tlie proper 
dogmatîc study of science. Thèse considérations in this place, tend 
to define more precisely the spirit of our course of inqniry, while 
they more exactly détermine the conditions under which we may 
hope to succeed în the construction of a true scale of the aggre- 
gate fundamental sciences. Great confusion would arise froni any 
îitterapt to adheie strictiy to historical order in our exposition of 
the sciences, for they hâve not ail advanced at the same rate ; and 
we must be for ever borrowing frora each some fact to illustrate 
another, without regard to priority of origin. Thus, it is clear that, 
in the systeni of the sciences, astronomy must come before physics, 
properly so called : and yet, several branches of physics, above ail, 
optics, are indispensable to the complète exposition of astronomy. 
Minor defects, if inévitable, cannot invalidate a classification which, 
on the whole, fui fils the principal conditions of the case. They 
belong to what is essentially artificial in our division of intellectual 
labour. In the main, however, our classification agrées with the 
history* of science ; the more gênerai and simple sciences actually 
occurrint): first and advancing best in human historv, and bein<]: 
folloXved by the more complex and restricted, though ail were, since 
the earliest times, enlarging simultaneously. 

A simple mathematical illustration will precisely represent the 
difficulty of the question we hâve to résolve, while it will sum up 
ihe preliminary considérations we hâve just concluded. 

We propose to classify the fundamental sciences. They are six, 
as we shall soon see. We cannot make them less; and most 
scientific men would reckon them as more. Six objects admit of 
720 différent dispositions, or, in popular language, changes. Thus 
we bave to choose the one right order (and there can be but one 
right) out of 720 possible ones. Very few of thèse bave ever been 
proposed ; yet we might venture to say that there is probably not 
one in faveur of which some plausible reason might not be assigned ; 
for we see the wildest divergences among the schemes which bave 
been proposed, — the sciences which are placed by some at the head 
of the scale being sent by others to the further extremity. Our 
problem is, then, to find the one rational order, among a host of 
possible Systems. 

Now we must remember that we bave to look for the prînciple 
Trueprincipie of classification in the comparison of the différent 
of classification, orders of phcnomena, througli which science discovers 
the laws which are her object. What we bave to détermine is 
the real dependence of scientific studies. Now, this dependence 
can resuit only froni that of the corresponding phenomena. AU 
observable phenomena may be included within a very few natural 
catégories, so arranged as that the study of each category may be 
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gronnded on tlie principal laws of tlie preceding, and serve as tlie 
basis of ihe next ensuing. This order is determined by the degree 
of simplicity, or, what cornes to tlie same thing, of 
général! ty of their phenomena. Hence results their ^'^ 
successive dependence, and the «icreater or lesser -. , 
mcility for being Btudied. 

It is clear, à priori, that the raost simple phenomena mnst l)e 
the most gênerai ; for whatever is observed in the greatest nuraber 
of cases is of course the most disengaged from tlie incidents of 
particular cases. We must begin then with the study of the most 
gênerai or simple phenomena, going on successîvely to the more 
particular or complex. This must be the most methodical way, 
for this order of generality or simplicity fixes the degree of facility 
in the study of phenomena, while it détermines the uecessary con- 
nection of the sciences by the successive dependence of their pheno- 
mena. It is worthy of remark in this place that the most gênerai 
and simple phenomena are the furthest removed from Mans ordi- 
nary sphère, and must thereby be studied in a calmer and more 
rational frame of raind than those in which he is more nearly 
iraplicated ; and this constitutes a new ground for the correspond- 
ing sciences being developed more rai)idly. 

We bave now obtained our rule. Next we proceed to our 
classification. 

We are firststruck bythe clear division of ail natural phenomena 
înto two classes — of inorganic and of organic bodies. jnorganicand 
The organized are evidently, in fact, more complex Organic phe- 
and less gênerai than the inorganic, and dépend upon "^^''*<^*- 
them, instead of being depended on by them. Therefore it is that 
physiological study should begin with inorganic phenomena ; since 
the organic iuclude ail the qualities belonging to them, with a 
spécial order added, viz., the vital phenomena, which belong to 
organization. We bave not to investigate the nature of either ; for 
the positive philosophy does not inquire into natures. Whether 
their nature be supposed diflferent or the same, it is evidently 
necessary to separate the two studies of inorgnnic matter and of 
living bodies. Our classification will stand throngh any future 
décision as to the way in which living bodies are to be regarded ; 
for, on any supposition, the gênerai laws of inorganic physics must 
be established before we can proceed with success to the examina- 
lion of a dei)endent class of phenomena. 

Each of thèse great halves of natural philosophy bas subdivisions. 
Inorganic physics must, in accordance with our ru]e 
of generality and the order of dependence of pheno- 
mena, be divided into two sections — of celestial and terrestrial 
phenomena. Thus we hâve Astronomy, geometrical 
and mechanical, and Terrestrial Physics. The ne- * * r^omy. 
cessity of this division is exiiclly the same as in the former case. 
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Astronomîcal phenoraena are the most gênerai, simple, and 
abstract of ail ; and therefbre the study of natural philosopliy must 
clearly begin with thera. They are themselves independent, wbile 
the laws to whîch they are subject influence ail others whatsoever. 
The gênerai effecta of gravitation preponderate, in ail terrestrial 
phenomena, over ail efFects which may be pecnliar to them, and 
niodify the original ones. It follows that the analysis of the 
siraplest terrestrial phenomenon, not only chemical, but even purely 
niechanical, présents a greater complication than the most com- 
pound astronomical phenomenon. The most diflScnlt astronomîcal 
question involves less intricacy tlian the simple movement of even 
a solid body, when the determining circumstances are to be com- 
puted. Thus we see that we must separate thèse two studies, and 
proceed to the second only through the first, from which it îs 
derived. 

In the same manner, we find a natural division of Terrestrial 
Physics into two, according as we regard bodies in their mechanical 

or their chemical character. Hence we hâve Physics. 

yna, properly so ca lied, and Ch émis try. Again, the second 

class must be studied through the first. Chemical phenomena are 

more complicated than mechanical, and dépend upon 
emw ry. ^j^^^^ without influencing them in return. Every 
one knows that ail chemical action is first submitted tothe influence 
of weight, heat, electricity, etc., and présents moreover something 
which modifies ail thèse. Thus, while it follows Physics, it présents 
itself as a distinct science. 

Such are the divisions of the sciences relatîng to inorganic matter. 
An analogous division arises in the other half of 
II. Organio. jjatural Philosophy — the science of organized bodies. 
Hère we find ourselves presented with two orders of phenomena ; 
those which relate to the individual, and those which relate to the 
species, especially when it is gregarious. With regard to Man, 
especially, this distinction is fundamentnl. The last order of pheno- 
mena is evidently dépendent on the first, and is more complex. 

Hence we bave two great sections in organic physics 

ysw ogy, — Physiology, properly so called, and Social Physics, 

which is dépendent on it. In ail Social phenomena we perceive 

the working of the physiological laws of the indivi- 
octo ogy, ^^^j , ^^ ^ moreover something which modifies their 

effects, and which belongs to the influence of individual s over each 
other — singularly complicated in the case of the human race by the 
influence of générations on their successors. Thus it is clear that 
our social science must issue from that which relates to the life of 
the individual. On the other hand, there is no occasion to suppose, 
as some eminent physiologists bave doue, that Social Physics is 
only an appendage to physiology. The phenomena of the two are 
not identical, though they are homogeneous ; and it is of high 
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importance to hold the two sciences separate. As social conditions 
îuodify the opération of physiological laws, Social Physics must 
liave a set of observations of its own. 

It would be easy to make the divisions of the Organîc half of 
Science correspond with those of the Inorganic, by dividing physi- 
ology into vegetable and animal, according to popular custoni. But 
this distinction, however important in Concrète Physics (in that 
secondary and spécial class of studies before declared to be inappro- 
prîate to this work), hardly extends into those Abstract Physics 
with whicli we hâve to do. Vegetables and animais corne alike 
under our notice, when our object \% to learn the gênerai laws of life 
— ^tbat is, to study physiology. To say nothing of the fact that the 
distinction grows ever fainter and more dubious with new discoveries, 
it bears no relation to our plan of research ; and we shall therefore 
consider that there is oiily one division in the science of organized 
bodies. 

Thus we hâve before «s Five fundamental Sciences în successive 
dependence, — Astronomy, Physics, Chemistry, Phy- FiveNatural 
siology, and finally Social Physics, ïhe first considers Sciences. 
ihe most gênerai, simple, abstract, and remote phenomena known 
to us, and those which afFect ail others without being aflfected by 
them. ïhe last considers the most particular, compound, concrète 
phenomena, and those which are the most interesting to Man. 
Between thèse two, the degrees of speciality, of complexity, and 
individuality, are in regular proportion to the place of the respective 
sciences in the scale exhibited. This — casting out everything 
arbitrary — we must regard as the true filiation of the -, . -.. .. 
sciences ; and m it we tind the plan 01 this work. 

As we proceed, we shall find that the same principle which gives 
this order to the whole body of science arranges the Filiation of 
})arts of each science ; and its sonndness will there- *^"»" p*''^- 
ibre be freshly attested as often as it présents itself afresh. There 
is no refusing a principle which distributes the interior of each 
science after the same mothod with the aggregate sciences. But 
this is not the place in which to do more than indicate what we 
shall contemplate more closely hereaftcr. We must now rapidly 
review some of the leading properties of the hierarchy of science that 
has been disclosed. 

This gradation îs în essential conformity with the oïder which 
has spontaneously taken place amonor the branches _ . ^. 

-f,,., •', ,^ ,° ^1 j Con'oborations. 

of natural philosophy, when pursued separately, and 
without any purposc of establishing such order. Such an accordance 
is a strong presumption that the arrangement is 1. Thisdassi- 
Tiatural. Airain, it coincides with the actual develop- fixation foiiows 

^ r r 1 1 M 1 TO 11' • the order of 

ment 01 natural philosophy. It no leading science disciosureof 
cnn be effectually pursued otherwise than throiigh sciences, 
those which précède it in the scale, it is évident that no vast devel- 
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opment of any science could take place prîor to tbe great astrono- 
mical discoveiies lo which we owe the impulse given to tlie whole. 
The progression may siuce hâve been simultaneous ; but ît bas taken 
place in tbe order we bave recognized. 

Tbis considération is so important that it is difficult to under- 

2. Soivu hete- stand witbout it tbe bistory of tbe buman mind. 

rogeneouênets, ^X^he gênerai law wbicb governs tbia bistory, as we 
bave already seen, cannot be verified, unless we combine it witb tbe 
scientîfic gradation just laiddown : for it is according to tbis grada- 
tion that the différent human théories bave attained in succession 
the theologicul state, the metaphysical, and finally the positive. 
J f we do not bear in mind tbe law wbicb governs progression, we 
sliall encounter insurmountable difficulties: for it is clear that tbe 
theological or metaphysical state of some fnndamental théories 
mnst bave temporarily coincided witb the positive state of others 
which précède them in our establisbed gradation, and actually bave 
ut times coincided witb them ; and tliis must involve the law itself 
in an obscurity which can be cleared up only by the classificatioa 
we hâve proposed. 

Again, tbis classification marks, witb pi-ecîsion, the relative per- 
f» »#««!.. «w., fection of the difi'erent sciences, wbicb consists in the 

». Marks ma- , . . * i . . i t . • 

tive perfection degree ot precision 01 knowleuge, and m the relation 
in sciences, Qf j^g différent branches. It is easy to see that the 
more gênerai, simple, and abstract any phenomena are, the less they 
dépend on others, and tbe more précise they are in themselves, and 
the moi-e clear in their relations witb each other. Thns, orgauic 
l)henomena are less exact and systematic than inorganic ; and of tïiese 
again terrestrial are less exact and systematic than those of astronomy. 
Tbis fact is completely accouutëd for by tbe gradation we bave laid 
down ; and we sball see as we proceed, that the possibility of 
applying matbematical analysis to the study of phenomena is 
exactly in proiK)rtion to the niuk wbicb they bold in tbe scale of 
ihe whole. 

Tbei^e is one liabîlîty to be gnarded against, wbicb we may men- 

D€fecis€tre ^*^'^ hère, We must l)eware of confounding the 

futi^mt^ degree of precision which we are able to attain in 

t» sennes, i-egai-d to any science, witb the certainty of the science 

itself. The certainty of science, and our precision in theknowledge 

of it, ai^ two very diflei-ent things, which bave l)een too often con- 

ibundeil ; aud ai*e so still, though less than formerly. A very absurd 

piX)jH)sil ion may be very précise ; as if we should say, for instance, 

that the sum of the angles of a triangle is equal to three right 

angles ; and a very certain pn){)osition may be wanting in precision 

in our statement of it ; as, for instance, wheu we assert that every 

man wîll die. If the différent sciences offer to us a varving degree 

of précision, it is from no want of certîiinty in themselves, but of 

our mastery of their phcnomeu^u 
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The most interestîng property of our formula of gradation is ita 
effect on éducation, both gênerai and scieutific. Tliis 4. Effect on 
18 its direct and unquestionable resuit. It will be Educatwru 
more and more évident as we proceed, that no science can be effect- 
ualiy pursued without the ])reparation of a compétent knowledge of 
llie anterior sciences on whicli it dépends. Physical philosopher» 
CHiuiot undersland Physics without at least a gênerai knowledge of 
Astronomy ; nor Chemists, without Physics and Astronomy ; nor 
Physiologists, without Chemistry, Pliysics, and Astronomy ; nor, 
above ail, the students of Social i)hilosophy, without a gênerai 
knowledge of ail the anterior sciences. As such conditions are, as 
yet, rarely fulfilled, and as no organization exists for tlieir fulfil- 
ment, there is araongst us, in fact, no rational scientific éducation. 
To this may be attributed, in great part, the imperfection of 
even the most important sciences at this day. If the fact is so in 
regard to scientific éducation, it is no less striking in regard lo 
gênerai éducation. Our intellectual System cannot be renovated 
till the natural sciences are studied in their proper order. Even 
the higliest understandings are apt to associate their ideas accord- 
ing to the order in which tliey were received : and it is only an 
intellect hère and there, in any âge, which in its utmost vigour can, 
like Bacon, Descaries, and Leibnitz, make a clearance in their field 
of knowledge, so as to reconstruct from the foundation their system 
of ideas. 

Such is the opération of our great law upon scientific éducation 
through its effect on Doctrine. We cannot appre- Effect on 
date it duly without seeing how it affects Method. Method. 

As the phenomena which are homogeneous hâve been classed 
luider one science, while those which belong to other sciences are 
lieterogeneous, it follows that the Positive Method must be con- 
fitantly modified in an luiiform manner in the range of the same 
fimdamental science, and will undergo modifications, différent and 
more and more compound, in passing from one science to another. 
Thns, under the scale laid down, we shall meet with it in ail its 
varieties ; which could not happen if we were to adopt a scale which 
shoiild not fulfil the conditions we hâve admitted. This is an all- 
iraportant considération ; for if, as we liave already seen, we cannot 
imderstand the positive method in the abstract, but only by its 
application, it is clear that we can bave no adéquate conception of 
it but by studying it in its varieties of application. No one science, 
however well chosen, could exhibit it. Tiiough the Method is 
always the same, its procédure is varied. For instance, it should 
be Observation with regard to one kind of phenomena, and Experi- 
nient with regard to another; and différent kinds of experiment, 
according to the case. In tiie same way, a gênerai prece{)t, derived 
iVom one fundamental science, however applicable to another, must 
hâve its sj)irit preserved by a référence to its origin ; as in the cuôe 
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<»f the theory of Classifications. The best îdea of the Positive 
Method wonld, of course, be obtained by the study of tlie most 
primitive and exalted of the sciences, îf we were confined to one; 
but this isolated view wonld give no idea of its capacity of applica- 
tion to others in a modified form. Each science bas itsown proper 
ndvantâges ; and without soiue knowledgeof them ail, no conceptioa 
can be formed of the power of the Method. 

One more considération must l)e briefly adverted to. Ifc îs 
Orderiy study necessary not only to bave a gênerai knowledge of ail 
of sciences, the sciences, but to study them in their order. Wbat 
can corne of a study of complicated phenomena, if the student bave 
not learned, by the contemplation of the simpler, what a Law îs, 
what it is to Observe ; what a Positive conception is ; and even wbat 
a chain of reasoning is ? Yet this is the way our young physiologists 
proceed every day, — plunging into the study of living bodies, with- 
out any other préparation than a knowledge of a dead language 
or two, or at most a superficial acquaintance with Physics and 
Chemistry, acquired without any philosophical method, or référence 
to any true point of departure in Natural philoso{)hy. In the same 
way, with regard to Social phenomena, which are yet more compli- 
cated, what can be efFected but by the rectification of the intellectual 
instrument, through an adéquate study of the range of anterior phe- 
nomena ? There are many who admit this: but they do not see how 
to set about the work, nor understand the Method itself for want of 
the preparatory study ; and thus, the admission remains barren, and 
social théories abide in the theological or metaphysical state, in spite 
of the efforts of those who believe themselves positive reformers» 

Thèse, then, are the four points of view under which we bave re- 
cognized tlie injportance of a Eational and Positive Classification. 
It cannot but bave been observed that in our enuraeration of the 

sciences there is a prodi jurions onjission. We bave 
Mathematics. . 1 .1 . c -niT i.1 4.' 1 • nii 

said nothmg of Mathematical science. Ilie omis- 
sion was intentional ; and the reason is no other than the vast im- 
portance of mathematics. This science will be the first of whicli 
we shall treat. Meantime, in order not to omit from our sketch a 
department so prominent, we may indicate hère the gênerai résulta 
of the study we are about to enter upon. 

In the présent state of our knowledge we must regard Mathe- 
matics less as a constituent part of natural philosophy 
^ than as having been, suice the tnne of Descartes and 

Newton, the true basis of the whole of natural philosophy ; though 

it is, exactly speaking, both the oue and the other. 

To us it is of less value for the knowledge of which 

it consists, substantial and valuable as that knowledge h, than as 

^ . . ^ bein<îr the most powerfnl instrument that the human 

mmd can employ m tlie mvestigation of the laws of 
natural phenomena. 
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In due précision, Matheraatîcs miist be divîded înto two great 
sciences, quite distinct from each other — Abstnict a double 
Mathematics, or the Calcul us (taking^ the word in its science, 
most extended sensé), and Concrète Mathematics, wliich îs coinposed 
of General Geonietry and of Rational Mechanics. Tiie Concrète 
part is necessarily founded on the Abstract, and it becomes in its 
turn the basis of ail natural philosophy ; ail the phenoniena of the 
uni verse being regarded, as far as possible, as geometricid or 
niechanical. 

The Abstract portion îs the only one which îs purely instrumental, 
it being simply an immense extension of natural iogic jif^gtract ma- 
ta a certain order of déductions. Geometry and me- thematica an 
chanics must, on the contrary, be regarded as true i'^sti-ument. 
natural sciences, founded, like ail others, on observation, though, 
by the extrême simplicity of their phenomena, they concrète ma- 
can be systematized to much greater perfection. It thematica a 
is this capacity which lias caused the expérimental «^^«^<î- 
character of their first principles to be too much lost sight of. But 
thèse two physical sciences hâve thispeculiarity, that they are now, 
tind will be more and more, employed rather as method than as 
doctrine. 

It needs scarcely be poînted ont that in placing Mathematics at 
iihe head of Positive Philosophy, w^e are only extending the appli- 
cation of the principle which lias governed our whole Classification. 
We are simply carrying back our principle to its first manifesta- 
tion. Geometrical and Mechanical phenomena are the most gênerai, 
the most simple, the most abstract of ail, — the most irreducible to 
others, the most îndependent of thera ; servi ng, in fact, as a basis to 
ail others. It foUows that the study of them is an indispensable 
preliminary to that of ail others. Therefore must Mathematics 
hold the first place in the hierarchy of the sciences, and be the 
point of departure of ail Education, whether gênerai Mathematics 
or fi{)ecial. In an empirical way, this has hitherto pre-eminent 
been the custom, — a custom which arose from the *^^^^'^<^^- 
^reat antiquity of mathematical science. We now see why it must 
be renewed on a rational foundation. 

We hâve now considered, in the forra of a philosophical problera, 
the rational plan of the study of the Positive Philosophy. The 
order that results is this ; an order which of ail possible arrange- 
ments is the only one that accords with the natural manifestation 
of ail phenomena. Mathkmatics, Astronomy, Physics, Chemistky, 
Physiology, Social Physics. 
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CHAPTEPw I. 

MATHEMATICS, ABSTRACT AND CONCRETE. 

We are now to enter npon the study of the first of the Six great 
Sciences : and we begin by establishing the importance of the Posi- 
tive Philosophy ia perfecting the character of each science in itself. 
Though Mathematics is the most ancient and the most perfect 
science of ail, the gênerai idea of it is fer from being clearly deter- 
mined. The définition of the science, and its chief divisions, hâve 
remained up to this time vague and uncertain. ïhe plural form of 
the name (grammatically used as singular) indicates the want of unity 
in its philosophical character, as commonly conceived. In fact, it 
is only since the beginning of the last century that it could be con- 
ceived of as a whole ; and since that time geometers bave been too 
much engaged on its différent branches, and in applying it to the 
most important laws of the universe, to hâve much attention left 
for the gênerai System of the science. Now however the pursuit of 
its specialities is no longer so engrossing as to exclude us from the 
study of Mathematics in its unity. It bas now reached a degree 
oï consistency which admits of the effort to reduce its parts into 
a System, in préparation for further advance. The latest achieve- 
ments of mathematicians bave prepared the way for this by evidenc- 
ing a character of unity in its principal parts which was not before 
known to exist. Such is eminently the spirit of the great author 
of the Theory of Functions and of Analytical Mechanics. 

The common description of Mathematics, as the science of 
DeacHption of Magniticdes, or somewhat more positively, the science 
mathematics. lohich Tclotes to the Meosurement of Magnitudes, is 
too vague and unmeaning to bave been used but for want of a 
better. Tet the idea contained in it is just at bottom, and is even 
sufficiently extensive, if properly understood; but it needs précision 
and depth. It is important in such matters not to départ uuneces- 
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sarîly from notions generally admitted ; and we will thereforé see 
how, from this point of view, we can rise to such a définition of 
Matbematics as . will be adéquate to the importance, extent, and 
difficulty of the science. 

Our first idea of measuriTig a magnitude îs simply that of com- 
paring the magnitude in question with another sup- ohject of 
posed to be known, which is taken for the unit of mathematics. 
comparison among ail others of the same kind. Thus, when we 
define matbematics as being the measurement of magnitudes, we 
give a very imperfect idea of it, and one which seems to bear no 
relation, in this respect, to any science whatever. We seem to 
speak only of a séries of mechanical procédures, like a superposition 
of lines, for obtaining the comparison of magnitudes, instead of a 
vast chain of reasonings, inexhaustible by the intellect. Neveithe- 
less, this définition bas no other fault than not being deep enough. 
It does not mistake the real aim of matbematics, but it présents as 
direct an object which is usually indirect ; and thus it misleads us 
as to the nature of the science, ïo rectify this, we must attend to 
a gênerai fact, which is easily established ; that the direct measure- 
ment of a magnitude is of cen an impossible opération ; so that if we 
liad no other means of doing what we want, we must often forego 
the knowledge we désire. We can rarely even measure a right line 
by another right line ; and this is the simplest measurement of alL 
The very first condition of this is that we should be able to traverse 
the line from one end to the other ; and this cannot be donc with 
the greater number of the distances which interest us the most. 
We cannot do it with the heavenly bodies, nor with the earth and 
any heavenly body, nor even with many distances on the earth ; 
and again, the length must be neither too great nor too small, 
and it must be conveniently situated; and a line which could 
be easily measured if it were horizontal becomes impracticable if 
vertical There are so few lines capable of being directly measured 
with précision, that we are compelled to resort to artificial lines, 
created to admit of a direct détermination, and to be the point of 
référence for ail others. If there is difficulty about the measure- 
ment of lines, the embarrassment is much greater when we bave 
to deal with surfaces, volumes, velocities, times, forces, etc., and in 
gênerai with ail other magnitudes susceptible of estimate, and, by 
their nature, difficult of direct measurement. It is the gênerai fact 
of this difficulty, inhérent in almost every case, which nécessitâtes 
the formation of mathematical science ; for, finding direct measure- 
ment so often impossible, we are compelled to devise means of 
doing it indirectly. Hence arose Matbematics. 

The gênerai method employed, and the only conceivable one, is 
to connect the magnitudes in question with some General 
that can be directly determined, and thus to ascertain method. 
the former, through their relations with the latter. Such is the 
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précise object of Mathematîcs regarded as a wliole. To forni 
anything like a worthy idea of it, we raiist remember that the 
indirect détermination of magnitudes may bave many degrees of 
indirectness. It often bappens tbat the magnitudes to wbich 
undetermined magnitudes are to be referred cannot tbemselves be 
measured directly, and must themselves be made the subject of a 
prior process, aud so on through a whole séries ; and thus, the 
mind is often obliged to establish a long course of intermediaries 
between the one and the other point of the inquiry — points wbich 
may appear at the outset to bave no connection whatever. 

If this ai)pears too abstract, it may become plain by a few 
examples. In observing a falling body, we are 
xamp es, ^ware that two quantities are involved : the heîght 
frora which the body falls, and the time occupied in its descent. 
Thèse two quantities are connected, as they vary together, and 
together reniain fixed. In the language of mathematicians, they 
are furictions of each other. The measurement of one being 
impracticable, it is supplied by that of the other. By observing the 
time occupied by a stone in falling down a précipice, we can 
ascertain the lieight of the précipice as accurately as if we could 
measure it with a horizontal line. In another case, we may be 
able to know ihe height whence a body bas fallen, and unable to 
observe the time with précision, and then we must bave recourse 
to the inverse question, — to détermine the time by the distance ; 
as, for instance, if we were to inquire how long it would take for a 
body to fall from the moon. In thèse cases, the question is very 
simple, supposing we do not complicate it with considérations of 
intensity of gravity, résistance of a fluid médium, etc. But, to 
enlarge the question, we must contemplate the phenomenon in its 
greatest generality by supposing the fall to be oblique, and taking 
iuto account ail the principal ci rcu m stances. Then, instead of two 
variable quantities, simply connected, the phenomenon will présent 
a considérable number, — ^the space traversed, whether in a vertical 
or horizontal direction ; the time employed in traversing it : the 
velocity of the body at each point of its course ; and even the 
intensity and direction of the impulse which sent it forth ; and 
finally, in some cases, the résistance of the médium, and the 
intensity of gravity. AU thèse quantities are so connected that 
each in its turn may be determined indirectly by means of the 
others, and thus we shall bave as many mathematical inquirîes as 
there are magnitudes coexisting in the j)henomenon considered. 
Such a very simple change as this in the physical conditions of 
a problem may place a mathematical question, originally quite 
elementary, in the rank of those diflScult questions whose com- 
plète and rigorous solution transcends the power of the human 
understanding. 

Again, — we may take a geometrîcal example. We want to 
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détermine a distance not dîrectly measurable. We sliall conceive 
of it as niakîn<ç a part of Bome figure, or System of Unes of some 
sort, of which the other parts are directly measurable ; let us say a 
triangle (for this is the simplest, and to it ail others are reducible). 
The distance in question is supposed to form a portion of a triangle, 
in which we are nble to détermine directlv, either another side and 
two angles, or two sides and one angle. The knowledge required 
is obtained by the matheraatical labour of deducing the unknown 
distance from the ohserved éléments, by means of the relation be- 
tween them. The process may, and commonly does, become highly 
complicatedby the éléments supposed to be known being theniselves 
determinable only in an indirect manner, by the aid of fresh aux- 
iliary Systems, the number of which may be very considérable. The 
distance, once ascertained, will oflen enable us to obtain new quan- 
tities, which will offer occasion for new mathematical questions. 
Thus, when we once know the distance of any object, the observa- 
tion, simple and always possible, of its apparent diameter, may dis- 
close to us, with certainty, however indirectly, its real dimensions ; 
and at length, by a séries of analogous inquîries, its siuface, its 
volume, even its weîglit, and a multitude of other qualities which 
might bave seemed ont of the reach of our knowledge for ever. It 
is by such labours that Man bas learned to know, not only the dis- 
tances of the planets from the earthand from each other, but their 
actual magnitude, — their true form, even to the inequalities ou 
their surface, and (what seems much more out of his reach) their 
respective masses, their mean densities, and the leading circumstances 
of the fall of heavy bodies on their respective surfaces, etc. Througli 
ihe power of mathematical théories, ail this and very much more 
has been obtained by means of a very small number of straight Unes, 
properly chosen, and a larger number of angles. We might eveu 
say, to describe the gênerai bearing of the science in a sentence, 
that, but for the fear of niultiplying mathematical opérations 
imnecessarily, and for the conséquent necessity of reserving them 
for the détermination of quantities which could not be measured 
directly, the knowledge of ail magnitudes susceptible of précise 
estiniate which can be oflfered by the varions orders of phenomena, 
would be fînally reducible to the immédiate measurement of a single 
straight line, and of a suitable number of angles. 

We can now defîne Mathematical science with précision. It has 
for its object the indirect measurement of magni- True défini- 
tudes, and it proposes to détermine magnitudes by Uonofma- 
each other y according to the précise relations which ^^^^^^'<^- 
exist between them, Preceding définitions hâve given to Mathe- 
matics the character of an Art ; this raises it at once to the rank of 
a true Science. According to this définition, the spirit of Mathe- 
Tnatics consîsts in regarding as mutually coimected ail the quantities 
which can be presented by any phenomenon whatsoever, in order to 
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deduce ail /lom each other. Now, there îs evidently no phenomenon 
which may not be re«^avded as affording such considérations. Hence 
results tlie naturally îndefinite extent, and the rîgorous logicàl 
nni versai ity of Mathematical science. As for its actual practical 
extent, we sliall see what that is hereafter. 

Thèse explanations justify the name of Mathematics, appliéd to 
the science we are considering. By itself it signifies Science. The 
Greeks had no other, and we may call it ihe science ; for its défini- 
tion is neither more nor less (if we omit the spécifie notion of 
magnitudes) than tlie définition of ail science whatsoever, AH 
Hcience consists in the co-ordination of facts ; and no science could 
exist among isolated observations. It might even be -said that 
Mathematics might enable usto dispense withall direct observation, 
by empowering us to deduce from the smallest possible number of 
immédiate data the largest possible amount of results. Is not this 
the real use, both in spéculation and in action, of the laxos wliicli 
we discover among natural phenomena ? If so, Mathematics 
merely iirges to the ultimate degree, in its own way, researches 
wliich every real science pursues, in varions inferior degrees, in its 
own sphère. Thus it is only through Mathematics that we can 
thoroughly imderstand what true science is. Hère alone can we find 
in the highest degree simplicity and severity of scientific law, and 
such abstraction as the human mind can attain. Any scientific 
éducation setting forth from any other point, is faulty in its basis. 

Thus far, we bave viewed the science as a whole. We must now 
consider its primary division. The secondary divisions will be laid 
down afterwards. 

Every mathematical solution spontaneously séparâtes into two 

- parts. The inquiry beins:, as we hâve seen, the 

Its two parts. i . • . • 1 i ° -i i xt_ i \y • 

determmation of unlînown magnitudes, through their 

relation to the known, the student must, in the first place, ascertain 
what thèse relations are, in the case under bis notice. This first 
Tiieir difer- is the Concrète part of the inquiry. When it îs 
ent objecta, accomplished, what remains is a pure question of 
numbers, consisting simply in the détermination of unknown 
numbers, when we know by what relation they are connected with 
known numbers. This second opération is the Ahstract part of 
the inquiry. The primary division of Mathematics is therefore into 
two great sciences: — Absïract Mathematics, and Concrète 
Mathematics. This division exists in ail complète mathematical 
questions whatever, whether more or less simple. 

Recurrîng to the simplest case of a falling body, we must begîn 
by learning the relation between the heîght from which it falls and 
the time occupied in falling. As Geonjetei's say, we must find the 
équation which exists between them. Till this is donc, there is no 
basis for a computation. This ascertainment may be extremely 
difficult, and it is incomparably the superior part of the problem. 
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The triie scîentific spîrît îs so modem, that as far as we know, no 
t)né before Galileo had remarked the accélération oF velocity in a 
falling body, the natural supposition having been that the heîght 
was in unifbrm proportion to the time. ïhis first inquiry issued 
in the discovery of the law of Galileo. The Concrète part beîng 
nccomplished, the Abstract remains. We hâve ascertîiined that 
the spaces traversed in each second increase as the séries of odd 
numbers, and we now hâve only the task of the coraputation of the 
lieight from the time, or of the time from the height ; and this conr 
sists in finding that, by the established law, the fîrst of thèse two 
quantities is a known multiple of the second power of the other ; 
whence we may finally détermine the value of the one when that 
of the other is given. In this instance the concrète question is the 
more diflScult of the two. If the same phenomenon were taken 
în its greatest gênerai ity, the reverse would be the case. Take the 
two together, and they may be regarded as exactly équivalent in 
difficulty. The mathematical law may be easy to ascertain, and 
diflScult to work ; or it may be diflBcult to ascertain, and easy 
tx) work. In importance, in extent, and in difliculty, thèse two 
great sections of Mathematical Science will be seen hereafter to be 
équivalent. 

We hâve seen the différence în their objecte. Thevràiier- 
They are no less différent in their nature. **^ «crfwrc». 

The Concrète must dépend on the character of the objects 
examined, and must vary when new phenomena présent them- 
«elves: whereas, the Abstract is whoUy independent of the nature 
of the objects, and is concerned only with their numerical relations. 
Thus, a great variety of phenomena may be brought under one 
geometrical solution. Cases which appear as unlike each other as 
})08sible may stand for one another under the Abstract process, 
which thus serves for ail, while the Concrète process must be new 
in each case. Thus the Concrète process is Spécial, and the 
Abstract is General. The character of the Concrète is expérimental, 
I>hysical, phénoménal : while the Abstract is purely logîcal, rational. 
The Concrète part of every mathematical question is necessarily 
founded on considération of the external world ; while the Abstract 
part consists of a séries of logical déductions. The équations being 
once found, in any case, it is for the understandîng, without external 
nid, to educe the results which thèse équations contain. 

We see how natural and cofnplete this main division is. We 
will briefly prescribe the limits of each section. 

As it is the business of Concrète Mathematics to discover the 
équations of phenomena, we might suppose that it Concreu 
must comprehend as many distinct sciences as there MaOuinuUws. 
îire distinct catégories of phenomena ; but we are very far indeed 
from having discovered mathematical laws in ail orders of pheno- 
mena. In fact, there are as yet only two great catégories of pheno- 
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mena whose équations are constantly known: — Geometrîcal and 
Mechanical plienomena. Thiis, the Concrète part of Mathematics 
consîsts of Geometry and Rational Mechanics. 

There is a point of view from wliich ail phenomona mîght be 
încluded under thèse two divisions. AU natural eflfects, considered 
statically or dynamically, might be referred to laws of extension 
or laws of motion. But this point of view is too high for us at 
présent ; and it is only in the régions of Astronomy, and, partîally, 
of terrestrial Physics, that this vast transformation has taken place. 
We will then proceed on the supposition that Geometry and 
Mechanics are the constituents of Concrète Mathematics. 

ïhe nature of Abstract Mathematics is precisely determined. It 
Ahstract is composcd of what is called the Calculvs, takîng 

Mathematics. this word îu its widest extension, wliich reaches from 
the simplest numerical opérations to the highest combinations of 
transcendental analysis. Its proper object is to résolve ail questions 
of numbers. Its starting-point is that which is the limit of Con- 
crète Mathematics, — ^the knowledge of the précise relations — that is, 
the équations — between différent magnitudes which are considered 
simultaneously. The object of the Calculus, however indirect or 
complicated the relations may be, is to discover unknown quanti ties 
by the known. This science, though more advanced than any other, 
is, in reality, only at its beginning yet ; but it is necessary, in order 
to define the nature of any science, to suppose it perfect. And the 
trne character of the Calculus is what we hâve said. 

From an historical point of view, Mathematical Analysis appears 
to hâve arisen out of the contemplation of geometrical and mechani- 
cal facts; but it is not the less independent of thèse sciences, 
logically speaking. Analytical ideas are, above ail others, uni versai, 
abstract, and simple ; and geometrical and mechanical conceptions 
are necessarily iounded on them. Mathematical Analysis is there- 
fore the true rational basis of the whole system of our positive 
knowledge. We can now also expiai n why it not only gives 
précision to our actual knowledge, but establishes a far more 
perfect co-ordination in the study of phenoraena which allow of 
such an application- If a single analytical question, brought to an 
abstract solution, involves the implicit solution of a multitude of 
physical questions, the mind is enabled to perceive relations betweeu 
phenomena apparently isolated, and to extract from them the 
quality which they hâve in common. To the wonder of the 
student, unsuspected relations arise between problems which, instead 
of being, as they appeared before, wholly unconnected, turn out to 
be identical. There appears to be no connection between the déter- 
mination of the direction of a curve at each of its points and that of 
the velocity of a body at each moment of its variable motion ; yet, 
in the eyes of the geometer, thèse questions are but one. 
When we bave seized the true «reneral character of Mathematical 
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Analysîs, we easily see how perfect ît îs, în comparisoa wîth ail 
other branches of onr positive science. ïhe perfection consists îa 
the simplicity of tlie ideas contemplated ; and not, as Condillac and 
others hâve supposed, to the conciseness and gênerai ity of the signs 
iised as instruments of reasoning. The signs are of admirable use 
to work out the ideas, when once obtained ; but, in fact, ail the 
great analytical conceptions were formed without any essential aid 
from the signs. Subjects which are by their nature inferior in 
simplicity and generality cannot be raised to logical perfection by 
any artifice of scientific language. 

We hâve now seen what is the object and what is the character 
of Mathematical Science. It remains for us to con- Exiait of its 
sider the extent of its domain. domain. 

We must first admit that, in a logical view, thîs science is 
necessarily and ricrorously universal. There is no ,, 
inqun-y which is not nnally reducible to a question 
of Numbers ; for there is none which may not be conceived of as 
consisting in the détermination of quantities by each other, accord- 
ing to certain relations. The fact is, we are always endeavouring 
to arrive at numbers, at fixed quantities, whatever may be our 
subject, however uncertain our methods, and however rough our 
lesults. Nothing can appear less like a mathematical inquiry than 
the study of living bodies in a state of disease ; yet, in studying the 
cure of disease, we are endeavouring to ascertain the quantities of 
the différent agents which are to modify the organism, in order to 
bring it to its natural state, admitting, as geometers do, for some 
of thèse quantities, in certain cases, values which are equal to zéro, 
négative, or even contradictory. It is not meant that such a 
method can be actually followed in the case of complicated pheno- 
luena ; but the logical extension of the science, which is what we 
are now considering, comprehends such instances as this. 

Kant bas divided human ideas into the two catégories of quantity 
and quality, which, if true, would destroy the universality of Mathe- 
matics; but Descartes' fundamental conception of the relation of 
the concrète to the abstract in Mathematics abolishes this- division, 
ând proves that ail ideas of quality are reducible to ideas of 
quantity. He had in view geometrical phenomena only ; but bis 
successors bave included in this gênerai ization, first, mechanical 
phenomena, and, more recently, those of beat There are now no 
geometers who do not consider it of universal application, and 
admit that every phenomenon may be as logically capable of being 
represented by an équation as a curve or a motion, if only we were 
always capable (which we are very far from being) of first discover- 
ing, and then resolvin^it. 

The limitations of Mathematical science are not, then, in its 
nature. The limitations are in our intelligence: _, ,. .^ ^. 

1 •■ . 1 /? j Al j • r J.^ * •* w limitations, 

and by thèse we nnd tlie domam 01 the science 
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remarkably restrîcted, în proportion as phenomena, în becomîng 
spécial, become complex. 

ïhough, as we hâve seen, every question may be conceîved of as 
reducible to numbers, the réduction cannot be made by us except 
in the case of the simplest and most gênerai phenomena. The 
difEcnlty of finding the équation in the case of spécial, and therefore 
complex phenomena, soon becomes irisurmountable, so that, at the 
utmost, it is only the phenomena of the first three classes, — that is, 
only those of Inorganic Physics, — that we can even hope to subject 
to the process. The properties of inorganic bodies are nearly 
invariable ; and therefore, with regard to them, the first condition 
of mathematical iuquîry can be fiilfiUed : the différent quantitîes 
which they présent may be resolved into fixed numbers; but the 
variableness of the properties of organic bodiea is beyond our man- 
agement. An inorganic body, possessing solidity, fonii, consistency, 
spécifie gravîty, elasticity, etc., présents qualities which are within 
our estimate, and can be treated mathematical ly ; but the case is 
altered when Chemical action is added to thèse. Complications 
and variations then enter into the question which at présent baffle 
mathematical analysis. Hereafter, it may be discovered what 
fixed numbers exist in chemical combinations : but we are as yet 
very far from having any practical knowledge of them. Still further 
are we from being able to form such computations amidst the con- 
tinuai agitation of atoms which constitutes what we call life^ and 
therefore from being able to carry mathematical analysis into the 
study of Physiology. By the rapidity of their changes, and their 
incessant numerical variations, vital phenomena are, practîcally, 
placed in opposition to mathematical processes. If we should désire 
to compute, in a single case, the most simple facts of a living body, 
— such as its mean density, its température, the velocity of its cir- 
culation, the proportion of éléments which at any moment compose 
its solids or its fluids, thequantity of oxygen which it consunies ia a 
given time, the amount of its absorptions or its exhalations, — and, 
yet more, the energy of its muscular force, the intensity of its 
impressions, etc., we must make as many observations as there are 
species or races, and varieties in each ; we must measui-e the 
changes which take place in passing from one individual to another, 
and in the same individual, according to âge, health, interior con- 
dition, surrounding circumstances perpetually varying, such as the 
constitution of the atmosphère, etc. It is clear that no mathe- 
matical précision can be attained amidst a complexity like this. 
Social phenomena, being more complicated still, are even more out 
of the question, as subjects for mathematical analysis. It is not 
that a mathematical basis does not exist in thèse cases, as truly as 
in phenomena which exhibit, in ail clearness, the law of gravitation : 
but that our faculties are too limited for the working of problems 
KO intricate. We are baffled by varions phenomena of inorganic 
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bodîes, when they are very complex. For instance, no one doubla 
that meteorological phenomena are subject to mathematical laws, 
however liltle we yet,know about thern; but tbeir multiplicity 
rendors their observée! résulta as variable and irregular as if each 
cause were free of ail such conditions. 

We find a second limitation in the nuraber of conditions to be 
fitudied, even if we were sure of tlie mathematical law wliich 
governs each agent. Our feeble faculties could not grasp and wield 
such an aggregate of conditions, however certain might be our know- 
ledge of each. In the simplest cases in which we désire to approxi- 
mate the abstract to the concrète conditions, with any completeness, 
— ^as in the phenomenon of the flow of a fluid from a given orifice, 
by virtue of its gravity alone, — the difficulty is such that we are, as 
yet, without any mathematical solution of this very problem. ïlie 
sarae is the case with the yet more simple instance of the move- 
ment of a solid projectile through a resisting médium. 

To the popular mind it may appear Etrange, considerîng thèse 
facts, that we know so much as we do about the planets. But in 
reality, that class of phenomena is the most simple of ail within our 
cognizance. The most complex problem which Ihey présent is 
the influence of a Ihird body acting in the same wiiy ou two which 
are tending towards each other in virtue of gravitation ; and this 
is a more simple question than any terrestrial problem whatever. 
We hâve, however, attained only approximate solutions in this 
case. And the higli perfection to which solar astronomy bas been 
brought by the use of mathematical science is owing to our having 
profited by those facilities that we may call accidentai, which the 
favourable constitution of our planetary System présents. The 
planets which compose it are few ; their masses are very unequal, 
and much less than that of the sun ; they are far distant from eacli 
other; their forms are nearly spherical ; their orbits are nearly 
circiilar, and only slightly inclined in relation to each other ; and 
80 on. Their perturbations are, in conséquence, inconsiderable, for 
the most paît ; and ail we bave to do is usually to take into the 
account, together with the influence of the sun on each planet, the 
influence of one other planet, capable, by its size and its nearness, 
of occasioning perceptible dérangements. If any of the conditions 
mentioned above had been diflerent, though the law of gravitation 
liad existed as it is, we might not at this day hâve discovered it. And 
if we were now to tiy to investigate Chemical phenomena by the 
same law, we should find a solution as impossible as it would be iii 
astronomy, if the conditions of the heavenly bodies were such as we 
could not reduce to an analysis. 

In showing that Mathematical analysis can be applied only to 
Inorganic Physics, we are not restricting its domain. Its rigorous 
nuiversality, in a logical view, haa been established. To prétend 
that it is practically applicable to the same extent would be merely 
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lo lead away the human mînd from the triie direction of scîentific 
Rtudy, in pursuit of an impossible perfection. The most difficult 
Hciences must remain, for an îndefinite time, în that prelimînary 
state which prépares for the others the time when they too may 
become capable of mathematical treatment. Our business is to 
study phenoraena, în the characters and relations in which they 
présent themselves to us, abstaining from introducing considérations 
of qnantities, and mathematical laws, which ît is beyond our power 
to apply. 

We owe to Mathematics both the orîgîn of Positive Philosophy 
and its Method. When this method was introduced into the other 
«ciences, it was natural that it sliould be urged too far. But each 
science modified the method by the opération of its own pecnliar 
phenomena. Thns only could that true définitive character be 
bronght ont, which must prevent its being ever confounded with 
that of any other fundamental science. 

The aim, character, and gênerai relations of Mathematical Science 
hâve now been exhibited as fully as they could be in such a sketch 
as this. We must next pass in revîew the three great sciences of 
w^îich it is composed, — the Calculus, Geometry, and Eational 
Mechanics. 
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CHAPTER IL 

GENERAL 7IEW OF MATHEMATICAL ANALTSIS. 

The liistorical development of the Abstract portion of Matheraatical 
science has, siace the time of Descartes, been for the 
iiiost part determined by that of the Concrète. Yet 
the Calculus in ail its principal branches must be understood before 
])a8sing on to Geometry and Mechanîcs. The Concrète portions of 
ihe science dépend on the Abstract, which are wholly independent 
of them. We will now therefore proceed to a rapid review of the 
leading conceptions of the Analysis. 

First, however, we must take some notice of the gênerai îdea of 
an équation, and see how far it is from being the Ti-ueideaof 
truc one on which geometers proceed in practice ; for anequatûm, 
withont settling this point we cannot détermine, with any précision, 
tbe real aim and extent of abstract mathematics. 

The business of concrète mathematics is to discover the équations 
wliich express the mathematical laws of the phenomenon under 
considération ; and thèse équations are the starting-point of the 
calculus, which must obtain from them certain quantities by means 
of others. It is only by forming a true idea of an équation that we 
can lay down the real line of séparation between the concrète and 
the abstract part of mathematics. 

It is giving much too extended a sensé to the notion of an équa- 
tion to suppose that it means every kind of relation of equality 
between ani/ two functions of the magnitudes under considération ; 
for, if every équation is a relation of equality, it is far from being 
the case that, reciprocally, every relation of equality must be an 
équation of the kind to which analysis is, by the nature of the oase, 
applicable. It is évident that this confusion must render it almost 
impossible to explain the difficulty we find in establishing the 
relation of the concrète to the abstract which meets us in every 
great mathematical question, taken by itself. If the word équation 
nieant what we are apt to suppose, it is not easy to see what diffi- 
culty there could be, in gênerai, in establishing the équations of any 
problem whatever. This ordinary notion of an équation is widely 
nnlike what geometers understand in the actual working of the 
science. 

According to my view, functions must themselves be divided into 
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Abstract and Concrète ; the first of which alone can enter iuto true 
équations. Every équation îs a relation of equality betvveen two 
abstract f unctions of the magnitudes in question, including with the 
primary magnitudes ail the auxiliary magnitudes which may be 
connected with the problem, and the introduction of which may 
facilitate the discovery of the équations sought. 

ïhis distinction may be established by both the à prîcyri and 
à posteriori methods ; by chamcterizing each kind of f unction, and 
by enumerating ail the abstract f unctions yet known, — at least with 
regard to their éléments. 

A priori ; Abstract functions express a mode of dependence 

between magnitudes which may l)e conceived betweeu 

AbstrtuA numbers alone, without the need of point ingr out an y 

phenomena in which it may be found realized ; 

Concrète while Concrète functions are those whose expression 

requires a specined actual case of physics, geometry, 

mechanics, etc. 

Most functions were concrète in their orîgin, — even those whîch 
are at présent the most purely abstract ; and the ancients discovered 
only through geometrical définitions elementary algebraic properties 
of functions, to which a numerical value was not attached till long 
afterwards, rendering abstract to us what was concrète to the old 
geometers. There is another example which well exhibits the 
distinction just made — that of circular functions, both direct and 
inverse, which are still sometimes concrète, sometimes abstract, 
according to the point of view fiom which they are regarded. 

A posteriori ; the distînguishing character, abstract or concrète, 
of a f unction having been established, the question of any deter- 
mînate function being abstract, and therefore able to enter into true 
analytical équations, becomes a simple question of fact, as we are 
acquainted with the éléments which compose ail the abstract func- 
tions at présent known. We say we know them ail, though analj»^- 
tical functions are infinité in number, because we are hère speaking, 
it must be remembered, of the éléments — of the simple, not of the 
compound. We hâve ten elementary formulas ; and, few as they 
are, they may give rise to an infinité number of analytical combina- 
tions. There is no reason for snpposing that there can never be 
more. We hâve more than Descartes had, and even Newton and 
Leibnitz; and our successors will doiibtless introduce additions, 
though there is so much difBculty attending their augmentation, 
that we cannot hope that it will proceed very far. 

It is the insufficiency of this very small number of analytical 
éléments which consti tûtes our difiiculty in passing from the con- 
crète to the abstract. In order to establish the équations of pheno- 
mena, we must conceive of their mathematical laws by the aid of 
functions composed of thèse few éléments. Up to this point the 
question has been essentially concrète, not coming within the 
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domaîn of the calcnlus. The dimculty of the passnge frotn the 
concrète to the abstract in gênerai consists in our having only thèse 
few analytical éléments with whicli to represent ail the précise rela- 
lions which the whole range of natnral phenomena afford to us. 
Amidst their infinité varîety, our conceptions must be far below 
ihe real difficulty ; and especially because thèse éléments of our 
analysis bave been snpplîedtous by the mathematîcal considération 
of the simplest phenomena of a geometrical origin, which can afford 
us à priori no rational guarantee of their fituess to represent the 
mathematical laws of ail other classes of phenomena. We shall 
hereafter see how this difficulty of the relation of the concrète to 
the abstract has been diminished, without its being necessary lo 
UHiltiply the number of analytical éléments. 

Thus far we hâve considered the Calcnlus as a whole. We 
must now consider its divisions. Thèse divisions we Two parts of 
must call the Algehraic Calculus, or Algebra, and theCakuiuë. 
the Arithmetical Oalculus, or Arithmetic, takîng care to give them 
ihe most extended logical sensé, and not the restricted one in which 
the terms are usually received. 

It is clear that every question of Mathematical Analysîs présents 
two successive parts, perfectly distinct in their nature. The first stage 
is the transformation of the proposed équations, so as to exhibit the 
mode of formation of unknown quantities by the known. This 
constitutes the algebraic question. Then ensues the 
tîisk of finding the values of the formulas thus ^^ ^^' 

obtaîned. The values of the numbers sought are already repre- 
sented by certain ex})licit functions of given numbers : thèse values 
luust be determined ; and this is the arithmetical 
question. Thus the algebraic and the arithmetical 
calcnlus difier in their object. They ditfer also in their view of 
quantities, — Algebra considering quantities in regard to their rela- 
ilons, and Arithmetic in regard to their values. In practice it is not 
always possible, owing to the imperfection of the science of the cal- 
cul us, to separate the processes èntirely in obtaininga solution; but 
the radical différence of the two opérations should never be lost 
sight of. Algebra, then, is the CaUulus of Functions, and Arith- 
metic the Calculus of Values. We bave seen that the division of tho 
Calcnlus is into two branches. It remains for us to compare the two, 
in order to learn their respective extent, importance, and difficulty. 

The Calculus of Values, Arithmetic, appears at first to hâve 
as wide a field as Algebra, since as many questions 
mîght seem to arise from it as we can conceive difi'er- 
ent algebraic formulas to be valued. But a very simple reflection 
will show that it is not so. Functions being divided into simple 
and compound, it is évident that when we become - 
able to détermine the value of simple functions, there 
vvill be no difficulty with the compound. In the algebraic relation, 
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a compound functîon plays a very. différent part from that of the 
elementary functions which coustitute it ; and this is the source of 
oiir chief analytical difficulties. But it is quite otherwise with the 
Arithmetical Calculus. Thus, the number of distinct arithmetical 
opérations is indicated by that of the abstract elementary functions, 
which we hâve seen to be very few. ïhe détermination of the 
vahies of thèse t«n functions necessarilv affords that of ail the infinité 
number comprehended in the whole of mathematical analysis : and 
there can be no new arithmetical opérations otherwise than by the 
création of new analytical éléments, which must, in any case, for 
ever be extremely small. The domain of arithmetic then is, by its 
nature, narrowly restricted, while that of algebra is rigorously 
indefinite. Still, the domain of arithmetic is more extensive than 
is commonly represented ; for there are many questions treated as 
incidental in the midst of a body of analytical researclies, which, 
consîsting of déterminations of values, are truly arithmetical. Of 
this kind are the construction of a table of logarithms, and the 
calculation of trigonometrical tables, and some distinct and higher 
])rocedure8 ; in short, every opération which has for its object the 
détermination of the values of functions. And we must also 
înclude that part of the science of the Calculus which we call the 
Tlieory of Numbers, the object of which is to dîscover the propertîes 
inhérent in diflferent numbers, in virtue of their values, independent 
of any particular System of numération. It consti tûtes a sort of 
Iranscendental arithmetic. ïhough the domain of arithmetic is 
ihus larger than is commonly supposed, this Calculus of values will 
yet never be more than a point, as it were, in comparison with the 
calculus of functions, of which mathematical science essentially 
consists. This is évident, when we look into the real nature of 
arithmetical questions. 
Déterminations of values are, in fact, nothing else than real 
<raw5/brwia^i07i6' of the functions tobe val ued. Thèse 
transformations hâve a spécial end ; but they are 
eRsentially of the same nature as ail taught by analysis. In this 
view, the Calculus of values may be regarded as a supplément, and 
a particular application of the Calculus of functions, so that 
arithmetic dîsappears, as it were, as a distinct section in the body 
of abstract mathematics. To make this évident, we must observe 
that when we désire to détermine the value of an unknown number 
whose mode of formation is given, we define and express that 
value in merely announcing the arithmetical question, already 
defined and expressed under a certain form ; and that, in deter- 
mining its value, we merely express it under another determinate 
form, to which we are in the habit of referring the îdea of each 
particular number by making it re-enter into the regular system of 
numération. This is niade clear by what happens when the mode 
of numération is such that the question is its own answer ; as, for 
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instance, when we waiit to add together seven and tliîrty, and call 
the resuit seven-and-thirty. In adding otlier numbers, the terms 
are not so ready, and we transform the question ; as when we add 
together twenty-three and fourteen : but not the less is the opéra- 
tion merely one of transformation of a question al ready defined and 
expressed. In this view, the calculas of values might be regarded 
as a particular application of the calculas of functions, arithraetic 
thereby disappearing, as a distinct section, from the domain of 
ubstract mathematics. — And hère we hâve done with the Calcuhis 
of values, and pass to the Calcuhis of functions, of which abstract 
mathematics is essentially coraposed. 

We hâve seen that the difficulty of establishîng the relation of 
tlie concrète to the abstract is owing to the insuflSci- ., , 
ency of the very small number of analytical éléments 
that we are in possession of. The obstacle has been surmounted 
in a great number of important cases: and we will novv seo 
how the establishment of the équations of phenomena has been 
achieved. 

The first means of remedying the diflSculty of the small number 
of analytical éléments seems to be to create new Création of 
ones. But a little considération will show that this new functions. 
resource is illusory. A new analytical élément would not serve 
iinless we could immediately détermine its value : but howcan we 
détermine the value of a f unction which is simple ; that is, which 
is not forraed by a combinaticn of tliose already known ? This 
appears almost impossible: but the introduction of another ele- 
mentary abstract function into analysis supposes the siniultaneous 
création of a new arithmetical opération ; which is certainly ex- 
tremely difficult. If we try to proceed according to the method 
which procured us the éléments we possess, we are left in entire 
iincertainty ; for the artifices thus employed are evidently exhausted. 
We hâve thus no idea how to proceed to create new elementary 
abstract functions. Yet, we must not therefore conclude that we 
hâve reached the limit appointed by the powers of our understand- 
ing. Spécial improvements in mathematical analysis hâve yielded 
us some partial substitutes, which bave increased our resources : 
but ifc is clear that the augmentation of thèse éléments cannot pro- 
ceed but with extrême slowness. It is not in this direction, then, 
that the human mind has found its means of facilitating the estab- 
lishment of équations. 

This first method being discarded, there remains only one other. 
As it is impossible to find the équations directly, we _,. . 
must seek for corresponding ones between other tioLbet^m' 
auxiliary quantities, connected with the first accoi'd- auxUiaiy 
ing to a certain determinate law, aud from the rela- ^^^^ * ***' 
tion between which we may ascend to that of the primitive magni- 
tudes. This is the fertile conception which we term the transceii" 
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dental analysis, and lise as onr finest instrument for the matlie- 
niatical exploration oif natural phenomeniu 

Thia conception lias a much larger scope than even profoiind 
p:eorneters hâve liitherto supposée! ; for the aiixiliary quanti ties 
resorted to nii<];ht be derived, according to any law whatever, from 
the immédiate éléments of the question. It is well to notice 
this ; because our future improved aualytical resoui'ces may per- 
haps be found in a new mode of dérivation. But, at prés- 
ent, the only auxiliary quantities habituall}' substituted for the 
primitive quantities in transcendental analf/sis are what are 
called — 

Ist, infinitély small éléments, the differèntials of différent orders 
of tliose quantities, if we conceive of this analysis in the manuer of 
Leibnilz : or 

2nd, the fluxions, the limiis of the mtios of the simultaneous 
incréments of the primitive quantities, compared with one auother ; 
or, more briefly, the prime and ultimate ratios of thèse incréments, 
if we adopt the conception of Newton : or. 

3rd, the derivatives, properly so called, of thèse quantities ; that 
is, the coefficients of the différent terms of their respective incré- 
ments, according to the conception of Lagrange. 

Thèse conceptions, and ail others that hâve been proposed, are by 
their nature identical. The varions grounds of préférence of eacli 
of them will be exhibited hereafter. 

We now see that the Calcul us of functîons, or Algebra, must 
Division of consist of two distinct branches. The one has for 
the Càkuius its object the résolution of équations when they are 
offurtctwna. ^irectly established between the magnitudes in ques- 
tion : the other, setting out from équations (generally much more 
easy to form) between quantities indirectly connected with those 
of the problem, has to deduce, by invariable aualytical procédures, 
the corresponding équations between the direct magnitudes in 
question ; — bringing the problem withîn the domain of the preced- 
ing calculus. — It might seem that the transcendental analysis 
ought to be studied before the ordinary, as it provides the équations 
which the other has to résolve. But, though the transcendental is 
logically independent of the ordinary, it is best to foUow the usual 
method of study, taking the ordinary first ; for, the proposed ques- 
tions always requiring to be completed by ordinary analysis, they 
must be left in suspense if the instrument of resolution had not 
been studied beforehand. 

. To ordinary analysis I propose to give the name of Calculus of 
Direct Funcîions. To transcendental analysis (which is known 
by the names of Infinitésimal Calculus, Calculus of fluxions and 
of fluents, Calculus of Vanishing quantities, the Differential and 
Intégral Calculus, etc., according to the view in whicli it has beeu 
couceived) I shall give the title of Calculus of Indirect Func- 
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TiONa I obtaîn thèse tenus by gênerai îzîng and gîvîng précision 
to the îdeas of Lagrange, and employ them to indicate the exact 
character of the two forms of analysis. 



SECTION I. 

ORDINART ANALYSIS, OR CALCULUS OF DIRECT rUNCTIONS. 

Algebra is adéquate to the solution of mathematical questions 
wliich are so simple that we can form directly the équations 
between the magnitudes considered, without its being nece«sary to 
bringinto the problem, either in substitution or alliance, any systera 
of aiixiliary quantîtîes derived from the primary. It is true, in the 
majority ot* important cases, its use requires to be preceded and 
prepared for by that of the calculus of indirect functions, by whicli 
the establishment of équations is facilitated : but tliough algebra 
then takes the second place, it ig not the less a necessary agent in 
the solution of the question ; so that the Calculus of direct func- 
tions must continue to be, by its nature, the basis of mathematical 
analysis. We must now, then, notice the rational composition of 
this calculus, and the degree of development it has attained. 

Its object being the resolution of équations (that is, the discovery 
of the mode of formation of unknown quantities by . 

the known, according to the équations which exist 
between them), it présents as many parts a* we can imagine distinct 
classes of équations; and its extent is therefore rigorously indefinite, 
because the number of analytical functions susceptible of entering 
into équations is inimitable, though, as we bave seen, composed of 
a very small number of primitive éléments. 

ïhe rational classification of équations must evidently be de ter- 
niined by the nature of the analytical éléments of Classification 
which their members are composed. Accordingly, of Equations. 
analysts first divide équations with one or more variables into two 
principal classes, according as they contain functions of only the 
first three of the ten couples, or as they include also either exponential 
or circular functions. Though tho names of algebraic and tran- 
scendental functions gîven to thèse principal groups are inapt, the 
division between the corresponding équations is real enough, in so far 
as that the resolution of équations containing the transcendental 
functions is more difficult than that of algebraic équations. Hence 
the study of the first is extremely imperfect, and our anàlyticiil 
methods relate almost exclusively to the élaboration of the second. 

Our business now is with thèse Algebraic équations only. In the 
first place, we must observe that, thouç^h they may Algebraic 
often contain irrational functions of the unknown équations, 
quantities, as well as raiional functions, the first case can always 
be brought under the second, by transformations more or less easy ; 
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80 that ît îs only wîth the latter that analysts hâve had to occupy 
themselves, to résolve ail the algebraic équations. As to their 
classification, the early method of classing them according to the 
number of their terms has been retained only for équations with two 
terms, which are, in fact, susceptible of a résolution proper to thera- 
selvea. The classification by their degrees, long universally estab- 
lished, iseminently natural; for this distinction rigorously détermines 
tlie greater or less diificulty of their resolution. The gradation can 
be independently, as well as practically exhibited : for the most 
gênerai équation of each degree necessarily comprehends ail those of 
the différent inferior degrees, as must also the formula which déter- 
mines the unknown quantity: and therefore, however slight we may, 
à priori, suppose the difficulty to be of the degree under notice, 
it must ofFer more and more obstacles, in proportion to the rank of 
the degree, because it is complicated in the exécution with those of 
ail the preceding degrees. 

This increase of difficulty îs so great, that the résolution of 
Algebraic re- ^^'g^braic equatious îs as yet known to us only in the 
solution of four first degrees. In this respect, algebra has ad- 
equations, vauced but littlc since the labours of Descartes and 
the Italian analysts of the sixteenth century; though there has pro- 
bably not been a single geometer for two centuries past who has not 
striven to advance the resolution of équations. The gênerai équa- 
tion of the fifth degree has itself, thus far, resisted ail attempts. 
The formula of the fourth degree is so difficult as to be almost 
inapplicable ; and analysts, while by no means despairing of the 
resolution of équations of the fifth, and even higher degrees, being 
obtained, hâve tacitly agreed to give up such researches. 

The only question of this kind which would be of eminent impor- 
tance, at least in its logical relations, would be the gênerai resolution 
of algebraic équations of any degree whatever. But the more we 
ponder this subject, the more we are led to suppose, with Lagrange, 
that it exceeds the scope of our understandings. Even if the 
requisite formula could be obtained, it could not be usefully applîed, 
unless we could simplify it, without impairing its generality, by the 
introduction of a new class of analytical éléments, of which we hâve 
as yet no idea. And, besides, if we had obtained the resolution of 
algebraic équations of any degree whatever, we should still bave 
treated only a very small part of algebra, properly so called ; that 
is, of the calculus of direct functions, comprehending the resolution 
of ail the équations that can be formeA by the analytical functions 
known to us at this day. Again, we must remember that by a law 
of our nature, we shall always remain below the difficulty of science, 
our means of conceiving of new questions being always more power- 
ful than our resources for resolving them; in other words, the human 
mind being more apt at imagining than at reasoning. Thus, if we 
had resolved ail the analytical équations now known, and if, to do 
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thîs, we had found new analytîcal éléments, tliese agaîn would întro- 
duce classes of équations of which we now know nothing : and so, 
however great might be tbe increasc of our knowledge, tlie imper- 
fection of our algebraic science would be perpetually reproduced. 

The methods that we bave are, tbe complète resolution of tbe 
équations of tbe first four degrees; of any binomial OurexisHng 
équations; of certain spécial équations of tbe superior Knowledge, 
degrees ; and of a very small number of exponential, logaritbmic, 
and circular équations. Tbese éléments are very limited ; but geo- 
meters bave sncceeded in treating with tbem a great number of 
important questions in an admirable manner. Tbe improvements 
introduced witbin a century into matbematical analysis bave con- 
tributed inore to render tbe little knowledge that we bave immea- 
surably useful, tban to increase it. 

To fill up tbe vast gap in tbe résolution of algebraic équations of 
tbe bigber degrees, analysts bave bad recourse to a j^umeH'-ai re- 
new order of questions, — to wbat tbey call tbe numer- solution of 
ical résolution of équations. Not being able to obtain ^^r^^ions, 
tbe real algebraic formula, tbey bave sougbtto détermine atleast tbe 
value of eacb unknown q nanti ty for sucb or sucb a designated System 
of particular values attributed to tbe given quantities. Tbis opéra- 
tion is a mixture of algebraic witb aritbmetical questions ; and it 
bas been so cultivated as to be rendered possible in ail cases, for 
équations of any degree and even of any form. Tbe metbods for 
tbis are now sufficiently gênerai ; and wbat remaîns is to simplify 
tbem so as to fit tbem for regular application. Wlnle sucb is tbe 
State of algebra, we bave to endeavour so to dispose tbe questions 
to be worked as to require finally only tbis numericcd résolution 
of tbe équations. We must not forget bowever tbat tbis is very 
imperfect algebra ; and it is only isolated, or truly final questions 
(whicb are very few), that can be brought finally to dépend upon 
only tbe numericcd resolution of équations, Most questions are only 
preparatory, — a first stage of tbe solution of otber questions ; and 
in tbese cases it is evidently not tbe value of tbe unknown quantity 
thatwe want to discover, but the formula whicb exhibits its dériva- 
tion. Even in tbe most simple questions, wben tbis numerical 
resolution is strictly suflScient, it is not the less a very imperfect 
method. Because we cannot abstract and treat separately the alge- 
braic part of tbe question, whicb is common to ali the cases whicb 
resuit from the mère variation of the given numbers, we are obliged 
to go over again the whole séries of opérations for the slightest 
change tbat niay take place in any one of the quantities concerned. 

Thus is the calculus of direct functions at présent divided into 
two parts, as it is employed for the algebraic or the numericM 
resolution of équations. The first, the only satisfactory one, is 
unfortunately very restricted, and there is little hope that it will 
ever be otherwîse : tbe second, usually insufiîcient, bas at least the 
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ndvanfage of a mnch greater generalîty. They must be carefully 
(listinguiahed in our minds,on account of their différent objecta, and 
tlierefore of the différent ways in which quantities are considered by 
them. Moreover, there is, in regard to their methods, an entirely 
différent procédure in their rational distribution. In the first part, 
we hâve nothing to do with the valties of the unknown quantities, 
and the division must take place according to the nature of the 
équations which we are able to résolve ; whereas in the second, we 
hâve notliîng to do with the degrees of the équations, as tlie methods 
are applicable to équations of any degree whatever ; but the con- 
cérn is with the numerical character of the vailles of the unknown 
quantities. 

Thèse two parts, whîch constitute the immédiate object of the 
TheTheoryof Calculus of direct functions, are subordinated to a 
équations. third, purely spéculative, from which both dérive 
their most effectuai resources, and which lias been very exactly 
designated by the gênerai name of Theory of Equations, though it 
relates, as yet, only to ak/ébraic équations. The numerical résolution 
of équations has, on account of its generality, spécial need of this 
rational foundation. 

Two orders of questions divide this important department of 
algebra between them ; first, those which relate to the composition 
of équations, and then those that relate to their transformation ; the 
business of thèse last beinç to modify the roots of an équation with- 
out knowing them, accordmg to any given law, provided this law is 
nniform in relation to ail thèse roots. 

One more theory remains to be noticed, to complète our rapid 
exhibition of the différent essential parts of the calculus of direct 
Meihod of functions. This theory, which relates to the trans- 
indeterminau formation of fuuctions into séries by the aid of what 
Cœfficientê. jg ^alled the Method of indeterminate Coefficients, is 
one of the most fertile and important in algebra. This eminently 
analvtical method is one of the most remarkable discoveries of 
Descartes. The invention and development of the infinitésimal 
calculus, for which it mîght be very happily substituted in some 
respects, has undoubtedly deprived it of some of its importance ; 
but the growing extension of the transcen dental analysis has, while 
lessening its necessity, multiplied its applications and enlarged its 
lesources ; so that, by the useful combinatîon of the two théories, 
ihe employment of the method of indeterminate coefficients has 
become much more extensive than it was even before the formation 
of the calculus of indirect functions. 

I bave now completed my sketch of the Calculus of Direct Func- 
tions. We must next pass on to the more important and extensive 
branch of our science, the Calculus of Indirect Functions. 
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SECTION IL 

TRANSCENDENTAL ANALYSIS, OR CALCULU8 OF INDIRECT PUNCTIONS. 

We referred (p. 44) îa a former section to the vîews of the tran- 
ficendental analysîs presented by Leibnitz, Newton, Threepnnci- 
and Lagrange. We shall see tliat each conception paf vîews. 
bas advantages of its own, that ail are finall y équivalent, and tliat no 
method bas yet been found which unités their respective character- 
istics. Whenever the combination takes place, it will probably be 
by sonie method founded on tlie conception of Lagrange. The other 
two will then oÉfer only an historical interest ; and meanwhile, the 
science must be regarded as in a nierely proviisional state, which 
requires the use of ail the three conceptions at the same time; for 
it is only by the use of them ail that an adéquate idea of the analy- 
sis and its applications can be formed. The vast extent and diffi- 
ciilty of this piirt of inathematics, and its récent formation, should 
prevent our being at ail surprised at the existing want of System. 
ïiie conception which will doubtless give a fixed and uniform 
character to the science haa come into the hands of only one new 
génération of geometers since its création ; and the intellectual 
habits requisite to perfect it bave not been sufficiently formed. 

The first gerra of the infinitésimal method (which can be con- 
ceived of independently of the Calculus) may be re- 
cognized in the old Greek Method of Exhaustions^ ^tory. 

employed to pass from the properties of straight lines to those of 
curves. The method consisted in substituting for the curve the 
auxiliary considération of a polygcJn, inscribed or circumscribed, by 
uieans of which the curve itself was reached, the limita of the 
])rimitive ratios being suitably taken. There is no doubt of the 
liliation of îdeas in this case ; but there was in it no équivalent for 
our modem methods ; for the ancients had no logical and gênerai 
raeans for the détermination of thèse limita, which was the chief 
diflSculty of the question. The task remainîng for modem geome- 
ters was to generalize the conception of the ancients, and, consider- 
ing it in an abstract manner, to reduce it to a system of calculation, 
which was impossible to them. 

Lagrange justly ascribes to the great geometer Fermât the first 
idea in this new direction. Fermât may be regarded as having 
initiated the direct formation of transcendental analysis by hia 
raethod for the détermination of maxima and mimnia^ and for the 
finding of tangents, in which procesa ho introduced auxiliaries 
which he afterwards suppressed as nuU when the équations obtained 
had undergone certain suitable transformations. After some modi- 
fications of the ideas of Fermât in the întermediate time, Leibnitz 
Btripped the process of some complications, and formed the analysis 
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into a gênerai and distinct calciilus, having its own notation : and 
Leibnitz is tliusi the Creator of transcendental analyais, as we 
employ it now. Thispre-emînentdiscovery was so ri{>e, as ail great 
conceptions are at the hour of their advent, that Newton had at the 
same time, or rather earlier, dîscovered a method exactly équivalent, 
regarding the analysis from a différent point of view, much more 
logical in itself, bnt less adapted than that of Leibnitz to give 
ail practicable extent and facility to the fundamental method. 
Lagrange afterwards, discarding the heterogeneons considérations 
which had guided Leibnitz and Newton, reduced the analysis to a 
purely algebraic System, which only wants more aptitude for appli- 
cation. 

We will notice the three methods in their order. 
The method of Leibnitz consists in iuti'odncing into the calculns, 
Mothod o» in order to facilitate the establishment of équations, 
Leibnitz. the înfinitely small éléments or differentials which 
are supposed to constitute the quantities whose relations we are 
seeking. ïhere are relations between thèse diflferentials which are 
simpler and more discoverable than those of the primitive quantities ; 
and by thèse we may afterwards (through a spécial calculus employetl 
to eliminate thèse auxilîary infioitesimals) recur to the équations 
sought, which it would usually hâve been impossible toobtaindirectl y. 
This indirect analysis may hâve varions degrees of indirectness ; for, 
when there is too much difficulty in forming the équation between the 
differentials of the magnitudes under notice, a second application 
of the method is required, the differentials being now treated as 
new primitive quantities, and a relation being songht between their 
infinitely small éléments, or second differentials^ and so on ; the 
same transformation being repeated any number of times, providecl 
the whole number of auxiliaries be final ly eliminated. 

It may be asked by novices in thèse studies, how thèse aux- 
ilîary quantities can be of use while they are of the same species 
with the magnitudes to be treated, seeing that the greater or less 
value of any quantity cannot affect any inquiry which bas nothin^ç 
to do with value at ail. The explanation is this. We must begiri 
by distinguishing the différent orders of infinitely small quantities, 
obtaining a précise idea of this by considering them as beins^ 
either the successive powers of the same primitive infinitely small 
quantity, or as being quantities which may be regarded as having 
nnite ratios with thèse powers ; so that, for instance, the second or 
third or other differentials of the same variable are classed as 
infinitely small quantities of the second, third, or other order, 
because it is easy to exhibit in them finite multiples of the second, 
third, or other powers of a certain first differential. Thèse pre- 
liminary ideas being laid dowu, the spirit of the infinitésimal 
analysis consists in constantly neglecting the infinitely small 
quantities in comparison with finite quantities ; and generally, the 
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infinîtely small quantitîes of any order wliatever în comparîson witli 
ail those of an îaferior order. We see at once how such a power mnst 
facilitate tlie formation of équations between the diiferentials of 
quantities, since we can substitiite for thèse differentials such other 
éléments as we may choose, and as will be more simple to treat, 
only observîng the condition that the new éléments shall diflfer 
from the preceding only by quantities infînitely small in relation to 
them. It is thus that it becomes possible in geometry to treat 
curved lines as composed of an infinity of rectilinear éléments, and 
curved surfaces as formed of plane cléments ; and, in mechanics, 
varied motions as an infinité séries of uniform motions, succeeding 
each other at infinitely small intervais of time. Such a mère hint 
as this of the varied application of this method may give some idea 
of the vast scope of the conception of trariscendental analysis, as 
formed by Leibnitz. It is, beyond ail question, the loftiest idea 
ever yet attained by the human mind. 

It is clear that this conception was necessary to complète the 
basis of mathematical science, by enabling us to establish, in a 
broad and practical manner, the i-elation of the concrète to the 
abstract. In this respect, we must regard it as the necessary com- 
plément of the great fundamental idea of Descartes on the gênerai 
analytical représentation of natural phenomena; an idea which 
could not be duly estimated or put to use till after the formation of 
the infinitésimal analysis. 

ïhis analysis lias another property, besîdes that of facilitatîng 
the study of the mathematical laws of ail phenomena, and perhaps 
Dot less important than that. The differential formulas exhibit an 
extrême generality, expressing in a single équation GeneraïUyof 
each determinate phenomenon, however varied may the formulas. 
be the subjects to which it belongs. ïhus, one such équation gives 
the tangents of ail curves, another their rectifications, a third their 
quadratures; and, in the same way, one invariable formula ex- 
presses the mathematical law of ail variable motion; and one single 
équation represents the distribution of beat in any body, and for 
any case. This remarkable generality is the basis of the loftiest 
views of the geometers. Thus this analysis bas not only furnished 
a gênerai method for forming équations indirectly which could not 
hâve been directly discovered, but it bas introduced a new order of 
more natural laws for our use in the mathematical study of natural 
phenomena, enabling us to rise at times to a perception of positive 
approximations between classes of wholly différent phenomena, 
through the analogies presented by the differential expressions of 
their mathematical laws. In virlueof this second property of the 
analysis, the entire System of an immense science, like geometry or 
mechanics, bas submitted to a condensation into a small number 
of analytical formulas, from which the solution of ail particular 
problems can be deduced, by invariable rules. 
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Thîs beautîfnl method îs, however, împerfecfc în îts loorîcal basis. 
Juêtifieation of At firsfc, geometers were natiirally more intent upon 
the Method, extending the discovery and mnltîplying its applica- 
tions, than upon establishing the logical fonndation of its prooesses. 
It was enough for some tinie to be able to prodiice, in answer to 
objections, unhoped-for solutions of the most difficult problems. 
It became necessary, however, to recur to the basis of the new 
analysis, to e8tabli«h the rigorous exactness of the processes 
employed, notwithstanding tlieir apparent hrenches of the ordinary 
laws of reasoning. Leibnitz himself failed to justify his conception, 
giving, when urged, an answer which represented it as a mère 
approximative calcul us, the successive opérations of which might, 
it is évident, admit an augmenting amount of error. 8ome of iiis 
successors were satisfied with showing that its results accorded 
with those obtained by ordinary algebra, or the geonietry of the 
aneients, reproducing by thèse last some solutions which could be 
at first obtained only by the new method. Some, again, demon- 
strated the conformity of the new conception with others ; that of 
Newton especially, which was unquestionably exact ïhisafforded 
a practical justification : but, in a case of such unequalled impor- 
tance, a logical justification is also rcquired, — a direct proof of the 
necessary ralionality of the infinitésimal method. It was Carnot 
who furnished this at last, by showing that the method was founded 
on the principle of the necessary compensation of errors. We can- 
not say that ail the logical ecaflfolding of the i afinitcsimal method may 
not hâve a merely provisional existence, vicions as it isin its nature: 
but, in the présent state of our knowledge, Camot's principle of the 
necessary compensation of errors is of more importance, in légitimât- 
ing the analysis of Leibnitz, than is even yet commonly supposed. 
His reasoning is founded on the conception of infinitésimal quantities 
indefinitely decreasing, while those from which they are (Jerived 
are fixed. The infinitely sraall errors introduced with the anx- 
iliaries cannot hâve occasioned other than infinitely small errors in 
ail the équations ; and when the relations of finite quantities are 
reached, thèse relations must be rigorously exact, since the only 
errors then possible must be finite ones, which cannot bave entered: 
and thus the final équations become perfect. Carnot's theory is 
doubtless more subtle than solid ; but it bas no other radical logical 
vice than that of the infinitésimal method itself, of which it is, as 
it seems to me, the natural development and gênerai explanation ; 
so that it must be adopted as long as that method is directly 
employed. 

ïhe philosophîcal character of -the transcendental analysis bas 
now been sufficiently exhibited to allow of my giving only the 
principal idea of the other two methods. 

Nkwton's Newton ofFered his conception under several dif- 

Method. ferent forms in succession, ïhat which is now 
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rnost- commonly adopted, at least on the Continent, was called by 
liimself, soraetimes the Method of prime and ultimate Matioa, sorae- 
litnes the Method of Limité, by which last term it is now usually 
knowD. 

XJnder this Method, the auxiliarîes întroduced are the limita of 
the ratios of the simultaneous incréments of the Method of 
primitive quantities ; or, in other words, the final Limite. 
ratios of thèse incréments ; limits or final ratios which we can 
easily show to bave a determinate and finite value. A spécial 
calculas, which is the équivalent of the infinitésimal calculas, is 
ufterwards employed, to rise from the équations between thèse limits 
to the corresponding équations between the primitive quantities 
themselves. 

The povver of easy expressuu of the mathematical laws of pheno- 
mena giveu by this anal y si s arises from the calculus applying, not 
to the incréments themselves of the proposed quantities, but to the 
limits of the ratios of those incréments ; and from our being 
iherefore able always to substitute for each incrément any otlier 
magnitude more eai:y to treat, provided their final ratio is the ratio 
of equality; or, in other words, that the limit of their ratio is 
unity. It is clear, iu fact, that the calculus of limits can be in no 
wa}' affected by this substitution. Starting from this principle, we 
find nearly the équivalent of the facilities ofFered by the analysis 
of lieibnitz, which are merely considered from another point of 
view. Thus, curves will be regarded as the limits of a séries of 
rectilinear polygons, and variable motions as the limits of an aggre- 
gate of uniform motions of continually nearer approximation, etc. 
etc. Sach is, in substance, Newtou's conception ; or rather, that 
which Maclauria and D'Alembert hâve offered as the most lational 
basis of the trauscendental analysis, in the endeavour to fix and 
arrange Newton's ideas on the sabject 

Newton had another view, however, which ought to be presented 
hère, because it is still the spécial form of the cal- Fiuxùmëand 
cul us of indirect functions commonly adopted by /««»^- 
English geometers ; and also on account of its ingénions clearness 
in some cases, and of its having furnished the notation best adapted 
to this manuer of regarding the trauscendental analysis. I mean 
the Calculus of fluxions and of Jluents, founded on the gênerai 
notion of velociiies, 

ïo facilitate the conception of the fundamental idea, let us con- 
çoive of every curve as generated by a point affected by a motion 
varying according to any law whatever. The différent quantities 
presented by the curve, the abscissa, the ordinate, the arc, the 
area, etc., will be regarded as simultaneously produced by succes- 
sive degrees during this motion. The velocity with which eacli one 
will hâve been described will be called the fluxion of that quantity, 
which inversely would bave been called ils Jluent, Henceforth, the 
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transcendental analj'aia wîll, according to tins conception, consîst în 
forrning directly the équations between the fluxions of the proposée! 
quantities, to deduce from tliem afterwards, by a spécial Calculus, 
ihe équations between the fluents themselves. What bas just been 
Ktated respecting curves may evidently be transferred to any magni- 
tudes wbatever, regarded, by the help of a suitable image, as some 
being produced by ihe motion of others. This method is evidently 
tlie same with that of limits complicated with the foreign idea of 
motion. It is, in fact, only a way of representing, by a comparison 
derived from raechanîcs, the method of prime and ultimate ratios, 
which alone is reducible to a calculus. It therefore necessarily 
admits of the same gênerai advantages in the various principal 
applications of the transcendental analysis, without its being re- 
quisite for us to offer spécial proofs of this. 

Lagrange's conception consists, in its admirable sîmplicîty, în 
Lagrange's considering tlie transcendental analysis to be a great 
Method. algebraic artifice, by which, to facilitate the establish- 

ment of équations, we must introduce, in the place of or with the 
])nmitive funçtions, their derived functions ; that is, according to 
the définition of Lagrange the coefficient of the first term of the 
incrément of each function, arranged according to the ascending 
])owers of the incrément of its variable. The Calculus of indirect 
functions, properly so called, is destined hère, as well as in the 
conceptions of Leibnilz and Newton, to eliminate thèse derivatives, 
employed as auxiliaries, to deduce from their relations the corre- 
sponding équations between the primitive magnitudes. The tran- 
scendental analysis is then only a simple, but very considei-able 
extension of ordinary analysis. It bas long been a common practice 
with geometers to introduce, in analytical investigations, in the 
place of the magnitudes in question, their différent powers, or their 
logarithms, or their sines, etc., in order to simplify the équations, 
and even to obtain them more easily. Successive dérivation is a 
gênerai artifice of the same nature, only of greater extent, and 
commanding, in conséquence, much more important resources for 
this common object. 

But, though we may easily conceive, à 'priori, that the auxîliaiy 
use of thèse derivatives rrwby facilitate the study of équations, it is 
not easy to explain why it must be so under this method of dériva- 
tion, rather than any other transformation. This is the weak side 
of Lagrange's great idea. We bave not yet become able to lay 
hold of its précise advantages, in an abstract manner, and without 
récurrence to the other conceptions of the transcendental analysis. 
Thèse advantages can be established only in the separate considér- 
ation of each principal question ; and this vérification becomes 
laborious in the treatment of a complex problem. 

Other théories bave been proposed, such as Euler's Calculus of 
vomishing quantities: but they are merely modifications of the three 
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jnst exliibited. We must next compare and estimate thèse 
îuetliods ; and in the first place observe tlieir perfect and necessary 
conformit}'. 

Considering the Ihree methods în regard to their destination, în- 
dependently of preliminary ideas, it is clear that they identity of the 
ail consîst in the same gênerai logical artifice ; that ^^^ metfuxis, 
is, the introduction of a certain systera of auxiliary magnitudes 
imiforraly corrélative with those undor investigation ; the auxiliaries 
heing substituted for the express object of facilitating the analytical 
expression of the mathematical laws of phenomena, though they 
must be finally eliminated by the help of a spécial calcnhis. It was 
this which determined me to define the transcendental analysis as 
the Calcul us of indirect functions, in order to mark its true philo- 
sophical character, while excluding ail discussion about the best 
raanner of conceiving and applying it. Whatever may be the 
raethod employed, the gênerai efFect of this analysis is to bring 
every mathematical question more speedily into the domain of the 
calculus, and tlius to lessen considerably the grand difficulty of the 
passage from the concrète to the abstract. We cannot hope that 
ihe Calculus will ever lay hold of ail questions of natural philosophy 
— geometrical, raechanical, thermological, etc. — from their birth. 
That would be a contradiction. In eveiy problem there must be a 
certain preliminary opération before the calculus can be of any use, 
and one which could not by its nature be subjected to abstract and 
invariable rules: — it is that which bas for its object the establishment 
of équations, which are the indispensable point of departure for ail 
analytical investigations. But this preliminary élaboration has 
been remarkably simplified by the création of the transcendental 
analysis, which bas thus hastened the moment at which gênerai and 
abstract processes may be uniformly and exactly applied to the 
solution, by reducing the opération to finding the équations between 
auxiliary magnitudes, whence the Calculus leads to équations 
directly relating to the proposed magnitudes, which had formerly 
to be established directly. Whether thèse indirect équations 
are differential équations, according to Leibnitz, or équations 
of limifs, according to Newton, or derived équations, accord- 
ing to Lagrange, the gênerai procédure is evidently always the 
same. The coïncidence is not only in the resuit but in the pro- 
cess ; for the auxiliaries introduced are really identical, being only 
regarded from différent points of view. The conceptions of Leibnitz 
and of Newton consist in making known in any case two gênerai 
necessary properties of the derived function of Lagrange. The 
transcendental analysis, then, examined abstractly and in its prîn- 
ciple, is always the same, whatever conception is adopted ; and the 
jnocesses of the Calculus of indirect functions are necessarily identical 
in thèse différent methods, which tnust therefore, under any applica- 
tion whatever, lead to rigorously uniform résulta 
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If we endeavour to estiinate theîr comparative vaine, we sliall find 

Their compara- in each of the three conceptioDs advantages and 

Hve value. inconveniences which are peculiar to it, and which 

prevent geomcters from adhering to any one of them, as exclusive 

und final. 

ïhe method of Leibnitz bas eminently the advantage in the 
rapidity and ease with which it effects the formation af équations 
between auxîh'ary magnitudes. We owe to its use the high per- 
fection attained by ail the gênerai théories ofgeometry and mechanics. 
Whatever may be the spéculative opinions of geometers as to the 
infinitésimal method, they ail employ it in the treatment of any new 
question. Lagrange himself, after baving reconstructed the analysis 
on a new basis, rendered a candîd and décisive homage to the con- 
ception of Leibnitz, by employing it exclusively in the whole 
System of bis ' Analytical Mechanics.' Such a fact needs no com- 
ment Yet are we obliged to admit, with Lagrange, that the con- 
ception of Leibnitz is radically vicions in its logical relations. He 
himself declared the notion of infinitely small quantities to be a 
/aise idea: and it is in fact impossible to conceive of them clearly, 
though we may sometimes fancy that we do. This false idea bears, 
to my mind, the characteristic impress of the metaphysical âge of its 
birth and tendencies of its originator. By the ingénions principlo 
of the compensation of errors, we may, as we bave already seen, 
explain the necessary exactness of the processes which compose the 
method ; but it is a radical inconvenience to be obliged to indicate, 
in Mathematics, two classes of reasonings so uniike, as that the one 
order are perfectly rigorous, while by the others we designedly com- 
mit errors which bave to be afterwards compensated. There is 
nothing very logical in this ; nor is anything obtained by pleading, 
as some do, that this method can be made to enter into that of 
limits, which is logically irreproachable. This is eluding the 
difficulty, and not resolving it; and besides, the advantages of tbis 
method, its ease and rapidity, are almost entirely lost under such a 
transformation. Finally, the infinitésimal method exhibits the very 
serions defect of breaking the unity of abstract mathematics by 
creating a transcendental analysis founded upon principles widely 
différent from those which serve as a basis to ordinary analysis. 
ïhis division of analysis into two Systems, almost wljolly inde- 
l)endent, tends to prevent the formation of gênerai analytical con- 
ceptions. To estimate the conséquences duly, we niust recur iii 
thought to the state of the science before Lagrange had estab- 
lished a gênerai and complète harmony between thèse two great 
sections. 

Newtons conception is free from the logical objections imputable 
to that of Leibnitz. The notion of limits is in fact remarkable for 
its distinctness and précision. The équations are, in this case, re- 
garded as exact from their origin ; and the gênerai rules of reason^ 
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îng are as constantly observée! as în ordînary analysis. But ît is 
weak in resources, and embarmssing în opération, compared witli 
ihe infinitésimal method. In its applicatious, the relative inferiority 
of thîs theory is very strongly marked. It also séparâtes the 
ordînary and transcend entai analysis, though not so conspicuonsly 
as the theory of Leibnitz. As Lagrange remarked, the idea of 
limitSy thongh clear and exact, is not the less a foreîgn idea, on 
whîch analytical théories ought not to be dépendent. 

ïhis perfect unity of analysis, and a purely abstract character în 
llie fundainental ideas, are found in the conception of Lagrange, 
nnd there alone. It is therefore the most philosophical of ail. 
Dîscarding every heterogeneons considération, Lagrange rednced 
llie transcendental analysis to its proper character, — that of present- 
ing a very extensive class of analytical transformations, whicli 
fncilitate in a remarkable degree the expression of the conditions of 
the varions problems. This exhibits the conception as a simple 
extension of ordînary analysis. It is a snperior algebra. AU the 
différent parts of abstract mathematics, till then so incohérent, might 
he froin that moment conceived of as forming a single systeni. 
This philosophical superiorily marks it for adoption as the final 
theory of transcendental analysis ; bnt it présents too many diffi- 
culties in its application, in comparison with the others, to admit 
of its exclusive préférence at présent. Lagrange himself had great 
difiSculty in rediscoveriug, by his own method, the principal results 
aiready obtained by the infinitésimal method, on gênerai questions 
in geom'etry and mechanics ; and we may judge by that what 
obstacles would occm- in treating in the same way questions really 
new and important. ïhough Lagrange, stimulated by difficulty, 
obtained results in sonie cases which other men would bave 
despaired of, it is not the less true that his conception bas thus 
far remained, as a whole, essentially unsm'ted to applications. 

The resuit of such a comparison of thèse three methods is the 
conviction that, in order to nnderstand the transcendental analysis 
thorougbly, we should not only study it in its principles according 
to ail thèse conceptions, but should accustom ourselves to employ 
them ail (and especially the first and last) almost indifferently, in 
the solution of ail important questions, whether of the calculus of 
indirect functions in itself, or of its applications. In ail the other 
departments of mathematical science, the considération of différent 
methods for a single class of questions may be usefui, apart froui 
the historical interest which it présents; but it is not indispensable. 
Hère, on the contrary, it is strictly indispensable. Without it there 
can be no philosophical judgment of this admirable création of the 
liuraan mind; nor any success and facility in the use of this powet- 
ful instrument. 
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THE DIFFERENTIAL AND INTEGRAL OALGULUS» 

The Calculus of Indirect functîons is necessarîly divîded înto two 
parts; or rather, ît is composed of two distinct cal- 
culi, having the relation of converse action. By the 
one we seet the relations between the auxiliary maornitudes, by 
raeans of the relations between the corresponding primitive magni- 
tudes ; by the other we seek, conversely, thèse direct équations by 
means of the indirect équations first established. This is the double 
object of the transcendental analysia 

Différent names hâve been given to the two Systems, according 
to the point of view from which the entire analysis lias been re- 
garded. The infinitésimal method, properly so called, being most 
in use, almost ail geometers employ the terms Differential Calculus 
and Intégral Calcultts established by Leibnitz. Newton, in accord- 
nnce with his method, called the first the Calculus of Fluxions^ and 
the second the Calctdus of FluentSy terms which were till lately 
commonly adopted in England. According to the theory of 
Lagrange, the one would be called the Calculus of Derived Func- 
tions, and tlie other the Calculas of Primitive Functlons. I shall 
îuake use of the terms of Leibnitz, as the fittest for the formation 
of secondary expressions, though we must, as bas been shown, 
employ ail the conceptions concurrently, approaching as nearly as 
may be to that of Lagrange. 

The differential calculus is obviously the rational basis of the 
Theirmutuai intégral. We bave seen that ten simple functions 
relations. coustitutc the éléments of our analysis. We cannot 

know how to integrate directly any other differential expressions 
than those produced by the differentiation of tliose ten functions. 
The art of intégration consists therefore in bringing ail the other 
cases, as far as possible, to dépend wholly on this small number of 
simple functions. 

It may not be apparent to ail mînds what can be the proper 
ntility of the differential calculus, independently of this necessary 
connection with the intégral calculus, which seems as if it must be 
in itself the only directly indispensable one ; in fact, the élimination 
of the infinitesimals or the derivatives, introduced as auxiliaries, 
being the final object of the calculus of indirect functions, it is 
natural to tliink that the calculus which teaches us to deduce the 
équations between the primitive magnitudes from those between the 
auxiliary magnitudes must meet ail tlie gênerai needs of the tran- 
scendental analysis, without our seeing at first what spécial and con- 
stant part the solution of the inverse question can hâve in^such an 
analysis. A common answer is assîgning to the differential calculus 
the office of forming the differential équations ; but this is clearly 
an error ; for the primitive formation of differential équations is not 
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ilie business of any calcuhis, for ît îs, on the contraiy, tlie point of 
departure of any calculus wbatever. The very use of the differential 
calcul us is enabling us to differentiate the varions équations ; and 
it cannot therefore be the process for establishing them. This 
common error arises froni confounding tlie infinitésimal cahultts 
with the infinitésimal méthode which last facilitâtes the formation 
of équations, in every application of the transcendental. analysis. 
The calculus is the indispensable complément of the method ; but 
it is perfectly distinct from it. But again, we should miicli miscon- 
ceive the peculiar importance of this first branch of the calculus of 
indirect functions if we saw in it only a preliminary process, designed 
nierely to prépare an indispensable basis for the intégral calculus. 
A few words will show that a primary direct and necessary office is 
alwaysassigned to the diflferential calculus. In forming diiferential 
équations, we rarely restrict ourselves to introducing Casesof union 
diflferentially only those magnitudes whose relations ofthetwo, 
are sought. It would often be impossible to establish équations 
Avithout introducing other magnitudes whose relations are, or are 
«upposed to be, known. Now in such cases it is necessary that the 
differentials of thèse intermediaries should be eliminated before the 
équations are fit for intégration. This élimination belongs to the 
diflferential calculus ; for it must be done by determining, by means 
of the eqiuitions between the intermediary functions, the relations 
oftheir differentials; and this is merely a question of differentia- 
tion. Tliis is the way in which the differential calculus not only 
])repare8 a basis for the intégral, but makes it available in a multi- 
tude of cases which could not otherwise be treated. casesofthe 
Tliere are some questions, few, but highly important, Differential \ 

which admit of ihe employment of the differential ^^ai^^^u* o/on*. 
calculus alone. They are those in which the magnitudes sought 
enter directly, and not by their differentials, into the primitive dif- 
ferential équations, which then contain differentially only the varions 
known functions employed, as we saw just now, as intermediaries. 
ïhis calculus is hère entirely sufficient for the élimination of the 
infinitesimals, without the question giving rise to any intégration. 
There are also questions, few, but highly important, which are the 
converse of the last, requiring the employment of the cases of tke in- 
intégral calculus alone. In thèse, the differential tegrai Calculus 
équations are found to be immediately ready for *^^"^* 
intégration, because they contain, at their first formation, only the 
infinitesimals which relate to the functions sought, or to the really 
independent variables, without the introduction, differentially, of any 
intermediaries being requîred. If intermediary functions are intro- 
duced, tliey will, hy the hypothesis, enter directly, and not by their 
differentials; and then, ordinary algebra will serve for their élimi- 
nation, and to bring the question to dcpend on the intégral calculus 
only. The differential calculus is, in such cases, not essential to the 
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solution of ilie problem, whîcli wîll dépend eniirely on the intégral 
calculas. Thus, ail questions to which tlie analysis is applicable 
are contai ned in three classes. The first class coniprehends the 
probleras which inay be resolved by the differential calculus alone. 
The second, those which may be resolved by the intégral calculus 
alone. Thèse are only exceptional ; the thîrd constituting the nor- 
mal case; that in which the differential and intégral calculus hâve 
each a distinct and necessary part in the solution of problems. 



The Differential Cahultcs, 

Tlie entire System of the differential calculus îs simple and 
perfect, while the intégral calculus remains extremely imperfect. 
We liave nothing to do hère with the applications of eîther cal- 
The Differen- culus, whicli are quîte a différent study frora that 
tiai Calculus, of the abstract principles of differentiation and inté- 
gration. The conséquence of the commôn practice of confoundiog 
thèse principles with their application, especially in geometry, is 
that it becomes difficult to conceive of either analysis or geometry. 
It is in the department of Concrète Mathematics that the applica- 
tions should be studied. 

The first division of the differential calculus is grounded on tlie 
„ ,. condition whether the functions to be differentiated 

2 wo portions, 7 • • . • 7 • • » ^ i • • • j. xi_ 

are exphcit or impticit ; the one givmg rise to the 
differentiation of formulas, and the other to the differentiation of 
équations. This classification is rendered necessary by the imper- 
fection of ordinary analysis ; for if we knew how to résolve ail 
équations algebraically, it would be possible to render every implicit 
function explicit ; and, by differentiating it only in that state, the 
second part of the differential calculus would be iramediately 
included in the first, without giving rise to any new difficulty. But 
the algebraic resolution of équations is, as we know, still scarcely 
past its infancy, and unknown for the greater number of cases ; and 
we hâve to differentiate a function without knowing it, though it is 
determinate. Thus we bave two classes of questions, the differen- 
tiation of implicit functions being a distinct case from that of explicit 
functions, and much more complicated. We hâve to begin by the 
differentiation of formulas, and we may then refer to this first case 
the differentiation of équations, by certain analyticîd considérations 
which we are not concerned with hère. There is another view in 
which the two gênerai cases of differentiation are distinct. The 
relation obtained between the differentials is always more indirect, 
in comparison with that of the finite quantities, in the differentiation 
of implicit, than in that of explicit functions. We shall nieet with 
this considération in the case of the intégral calculus, where it 
acquires a prépondérant importance. 



SUBDIVISIONS OF DIFFERENTIAL CA L CUL US. 6 1 

Each of thèse parts of tlie differential calcnlus is again divided : 
and this subdivision exhibits two very distinct théories, „ ^^. . . 
îiccording as we hâve to ditierentiate lunctions of a 
single variable, or lunctions of several îndependent variables, — ^the 
second branch being of far greater coraplexity than the first, in the 
case of explicit functions, and much more in that of implicit. One 
more distinction remains, to complète this brîef sketch of the parts 
of the differential calculus. The case in which it is required to dif- 
ferentiate at once différent implicit functions comhined in certain 
})rimitive équations must be distinguished from that in which ail 
ihese functions are separate, The same imperfection of ordinary 
analysîs which preveuts our converting every implicit function into 
an équivalent explicit one, i^enders us unable to separate the func- 
tions which enter simuUaneously into any System of équations ; and 
the functions are evidently still more iniplicit in the case of com- 
hined than of separate functions : and in differentiating, we are not 
ouly unable to résolve the primitive équations, but even to effect the 
proper élimination among them. 

We bave now seen the différent parts of this calculus in their 
iiatural connection and rational distribution. The Réduction to 
whole calculus is finally fbund to rest upon the dif- thedemenu. 
ferentiation of explicit functions with a single variable, — the only 
one which is ever executed directly. Now, it is easy to understand 
ibat this first theory, this necessary basis of the whole System, simply 
coDsists of the difierentiation of the elementary functions, ten in 
immber, which compose ail our analytical combinations ; for the 
(lifferentiation of compound functions is evidently deduced, imme- 
diately and necessarily, from that of their constituent simple func- 
tions. We find, then, the whole System of dififerentiation reduced 
to the knowledge of the ten fundamental differentials, and to that 
of the two gênerai principles, by one of which the differentiation of 
implicit functions is deduced from that of explicit, and by the other, 
the diflTerentiation of functions of several variables is reduced to that 
of functions of a single variable. Such is the simplicity and per- 
fection of the System of the differential calculus. 

The transformation of derived Functions for new variables is a 
theory which must be lust mentioncd, to avoid the « , 
omission of an indispensable complément of the sys- tion of derived 
tem of differentiation. It is as finished and perfect functionsfor 
as the other parts of this calculus ; and its great impor- '^^^ *^' ^' 
lance is in its increasing our resources by permitting us to choose, 
to facilitate the formation of differential équations, that System 
of independnet variables which may appear to bc most advan- 
tageous, though it may afterwards be relinquished, as an inter- 
mediate step, by which, through this theory, wo may pass to 
the final System, which sometimes could not hâve been considered 
directly. 
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Tbough we cannot hère consider the concrète applications of tliis 
Anaiyiicai calculus, we must glance at tliose which are analy- 
a'ppLvcfUwM, tical, because tliey are of the same nature with the 
theory, and should be looked at in connection with it. Thèse ques- 
tions are reducible to three essential ones. First, the development 
into séries of fonctions of one or more variables ; or, more generally, 
the transformation of functions, wliich constitiites the raost beaiitîful 
and the most important application of the diiferential calculas to 
gênerai analysis, and which comprises, besides the fundaraental séries 
(Jiscovered by Taylor, the remarkable séries discovered by Maclaurîn, 
John Bernouilli, Lagrange, and others. Secondly, the gênerai theory 
of moixirtua and minima values for any functions whatever of one or 
more variables : one of the most interesting problems that analysis 
can présent, however elementary it lias become. The third is the 
least important of the three : — it is the détermination of the true 
value of functions which présent themselves under an indeterminate 
appearance, for certain hypothèses made on the values of tiie corre- 
sponding variables. In every view, the first question is the most 
eniinent ; it is also the most susceptible of future extension, especi- 
ally by conceivîng, in a larger marmer than hitherto, of the employ- 
ment of the difFerential calculus for the transformation of functions, 
about which Lagrange left some valuable suggestions which hâve 
been neither gênerai ized nor followed up. 

It is with regret that I confine myself to the generalities which 
are the proper subjects of this work ; so extensive and so interesting 
are the developments which might otherwîse be offered. Insufficient 
and summary as are the views of the DiflTerential Calculus just 
offered, we must be no less rapid in our survey of the Intégral 
Calculus, properly so called ; that is, the abstract subject of inté- 
gration. 

The Intégral Calculus. 

The division of the Intégral Calculus, like that of the Diflferentîal, 
The Intégral procecds OU the principle of distinguishing the inte- 
Caicuius. gration of eocplicit difFerential formulas from the in- 
tégration of implicit differentials, or of dîfiferential équations. The 
It8 divisions. Séparation of thèse tw^o cases is even more radical in 
the case of intégration than in the other. In the 
differentîal calculus this distinction rests, as we bave seen, only ou 
the extrême imperfection of onlinary analysis. But, on the other 
hand, it is clear that even if ail équations could be algebraically 
resolved, dififerential équations would nevertheless constitute a case 
of intégration altogether distinct from that presented by explicit 
difFerential formulas. Their intégration is necessarily more com- 
plicated than that of explicit differentials, by the élaboration of 
which the intégral calculus was originated, and on which the. others 
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liave becn made to dépend, as far as possible. AU the varions 
analytical processes hitherto proposed for the intégration of différent 
tial équations, whether by the séparation of variables, or the method 
of multipliers, or other means, bave been desîgned to reduce thèse 
intégrations to those of diflFerential formulas, the only object whicli 
can be directly undertaken. Unhappily, iiuperfect as is this neces- 
sary basis of the whole intégral calculus, the art of reducing to 
it the intégration of differentîal équations is even much less 
advanced. 

As in the case of the differentîal calculus, and for analogous 
reasons, each of thèse two branches of the intégral _ u. .. . 
calculus 18 divided again, accordmg as we consider 
functions with a single variable or functions wîth several indepen- 
dent variables. This distinction is, like the preced- one variable, 
ing, even more important for intégration than for orseveraL 
difîerentiation. This is especially remarkable with respect to differ- 
entîal équations. In fact, those which relate to several independent 
variables may evidently présent this characteristic and higher diflB- 
culty — that the function souçht may be differentially defiried by a 
simple relation between its varions spécial derivatives with regard 
to the différent variables taken separately. Thence results the 
most difficult, and also the most extended branch of the intégral 
calculus, which is commonly called the Intégral Calculus of partial 
différences, created by D'Alembert, in which, as Lagrange truly 
perceived, geometers should hâve recognized a new calculus, the 
philosophical character of which lias not yet been precisely decided. 
This higher branch of tranacendental analysis is still entirely in its 
înfancy. In the very simplest case, we cannot completely reduce 
the intégration to that of the ordinary differential équations. 

A new distinction, highly important hère, though not in the 
differential calculus, where it is a mistake to insist Orders of 
upon it, is drawn from the higher or lower order of differentmtion. 
the differentials. We may regard this distinction as a subdivision 
in the integratioD of explicit or implicit differentials. With regard 
to explicit differentials, whether of one variable or of several, the 
necessity of distinguishing their différent orders is occasîoned raerely 
by the extrême imperfection of the intégral calculus ; and, with 
référence to implicit differentials, the distinction of orders is more 
important still. In the first case, we know so little of intégration 
of even the first order of differential formulas, that differential 
formulas of a high order produce new difficulties in arriving at the 
primitive function which is our object. And in the second case, 
there is the additional difficulty that the higher order of the differ- 
ential équations necessarily gives rise to questions of a new kiiid. 
The higher the order of differential équations, the more implicit are 
the cases which they présent ; and they can be made to dépend on 
each other only by spécial methods, the investigation of which, in 
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conséquence, forms a new class of questions, wîth regard to the 
sîmplest cases of which we as yet know next to nothîng. 

The necessaiy basîs of ail other intégrations is, as we see frora 
the foregoing considérations, tbat of explicit differential formulas of 
the first order and of a single variable ; and we cannot sncceed in 
eflfecting other intégrations but by reducing them ta thîs elementary 

case, which îs the only one capable of being ti*eated 
«» «»•«». directly. This simple fundamental intégration, often 
conveniently called quadratures, corresponds in the differential 
calculus to the elementary case of the differentiation of explicit 
functions of a single variable. But the intégral question is, by its 
nature, quite otherwise complicated, and much more extensive thaa 
the differential question. We bave seen that the latter is reduoed 
to the differentiation of ten simple functions, which furnish the 
éléments of analysis ; but the intégration of compound functions 
does not necessarily follow from that of the simple functions, each 
combination of which may présent spécial difficulties with respect 
to the intégral calculus. Hence the indefinite extent and varied 
complication of the question of quadratures, of which we know 
scai'cely anything complet(?ly, after ail the efforts of analysts. 

The question is divided into tlie two cases of algebraic functions 
Aigeh-aic ftud (ranscendental funciions, Tiie algebraic class is 
functions, the more advanced of the two. In relation to irra- 
tîonal functions, it is true, we know scarcely anything, the intégrais 
of them having been obtained only in very restricted cases, and 
l)articularly by rendering them rational. The intégration of 
rational functions is thus far the only theory of this calculus which 
bas admitted of complète treatment ; and thus it forms, in a logical 
point of view, its most satisfactory part, though it is perhaps thd 
least important. Even hère, the imperfection of ordinaiy analysis 
usually comes in to stop the working of the theory, by which the 
intégration fînally dépends on the algebraic solution of équations ; 
and thus it is only in what concenis intégration viewed in an 
abstract manner that even this limited case is resolved. And this 
gives us an idea of the extrême imperfection of the intégral calcu- 
Transcendentai lus. The casc of tlic intégration of transcendental 
functiona. fnnctions is quite in its infancy as yet, as regards 

either exponential, logarithmic, or circular fimctions. Very few 
cases of thèse kinds hâve been treated ; and though the sîmplest 
bave been chosen, the necessary calculations are extremely labo- 
rious. 

The theory of Singular Solutions (sometîmes called Partîcnlar 

Singuiar Solutious), fully developcd by Lagrange in bis Cal- 

Soiutions, culus of Functions, but not yet duly appreciated by 

geometers, must be noticed hère, on account of its logical perfection 

and the extent of its applications. This theory forms implicitly 

a portion of the gênerai theory of the integiation of differential 
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équations ; but I hâve left ît till now, because it îs, as ît were, oiit- 
stde of the intégral calculas, and I wished to préserve tlie séquence 
of îts parts. Clairaut first observed the existence of thèse solutions, 
and he saw in them a paradox of the intégral calculus, since they 
hâve the property of satisfying the differential équations without 
beîng compreîiended in the correspond ing gênerai intégrais. La- 
grange explained this paradox by shovving how such sohitions are 
always derived froni the gênerai intégral by the variation of tlie 
arbitrary constants. This theory bas a character of perfect gener- 
ality ; for Lagrange bas given invariable and very simple processes 
for finding the singular solution of any differential équation which 
admits of it ; and, what is very remarkable, thèse processes require 
no intégration, cousisting only of differentiations, and beîng there- 
iore always applicable. Thus bas dififerentiation become, by a 
happy artifice, a ineans of compensating, in certain circumstances, 
for the imperfection of the intégral calcuhis. 

One more theory remains to be noticed, to complète our review 
of tbat collection of analytical researches which con- Dejinite 
stitutes the intégral calculus. It takes its place out- inug/rau. 
side of the System, because, instead of being destined for true 
intégration, it proposes to supply the defect of our ignorance of 
really analytical intégrais. I refer to the détermination of défi- 
nite intégrais. ïhese definite intégrais are the values of the 
reqiiired functions for certain determiuate values of the correspond- 
îng variables. The use of thèse in transcendental analysis corre- 
sponds to the numerical resolution of équations in ordinary analysis. 
Analysts being usually unable to obtain the real intégral (called in 
opposition the gênerai or indefinite intégral), tbat is, the function 
which, diflferentiated, bas produced the proposed differential for- 
mula, bave been driven to determining, at least, without knowing 
tijis function, the particular numerical values which it would take 
on assigning certain declared values to the variables. This is 
evidently resolving the arithmetical question without having first 
resolved the corresponding algebraic one, which is generally the 
most important ; and such an analysis is, by its nature, as imperfect 
as that of the numerical resolution of équations. Inconveniences, 
logical and practical, resuit from such a confusion of arithmetical 
and algebraic considérations. But, imder our înability to obtain 
the true intégrais, it is of the utmost importance to bave been able 
to obtain this solution, incomplète and insufficient as it is. This 
has now been attained for ail cases, the détermination of the value 
of definite intégrais having been reduced to entirely gênerai methods, 
which leave nothing to be desired, in many cases, but less complexity 
in the calculations ; an object to which analysts are now directîng 
ail their spécial transformations. This kind of transcendental 
arithmetic being considered perfect, the difiSculty in its applications 
is reduced to makiug the proposed inquiry finally dépend only on a 
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simple determînatîon of definîte întegrals ; a thîno^ wliîch evidently 
cannot be always possible, whatever analytîcal skill may be em- 
ployed la effecting so forced a transformation. 

We hâve now seen that while the difFerential calculus constitutes 
Prospects of ^y ^^^ Dature a limited and perfect System, the intégral 
the Intégral calculus, or the Simple subject of intégration, offers 
Calculus. înexhaustible scope for the activity of the lauman 
mînd, îndependently of the indefinite applications of which tran- 
scendental analysis is evidently capable. ïhe reasons which con- 
vince us of the impossibility of ever achieving the gênerai résolution 
of algebraic équations of any degree whatever, are yet more décisive 
against our attainment of a single method of intégration applicable 
to ail cases. " It is," said Lagrange, " one of those problems whose 
gênerai solution we cannot hope for." The more we meditate on 
the subject, the more convinced we shall be that such a research is 
wholly chimerical, as transcending the scope of our nnderstanding, 
though the labours of geometers must certainly add in time to our 
knowledge of intégration, and create procédures of a wider gênerai ity, 
The transcen dental analysis is yet too near its origin, it bas too 
recently been regarded in a truly rational manner, for us to hâve 
any idea what it may hereafter become. But, whatever may be 
our legitimate hopes, we must ever, in the first place, consider the 
limits imposed by our intellectual constitution, which are npt the 
less real because we cannot precisely assign them. 

I bave hinted that a future augmentation of our resources may 
probably arise from a change in the mode of dérivation of the 
auxiliary quanti ties introduced to facilitate the establishment of 
équations. Their formation mîght folio w a multitude of otlier 
laws besides the very simple relation which bas been selected. 
I discern hère far greater resources than in urging further our 
présent calculus of indirect functions; and I am persuaded that 
when geometers bave exhausted the most important applications of 
our présent transcendental analysis, they will turn their attention in 
this direction, instead of straining after perfection where it cannot 
be found. I submit this view to geometers whose méditations are 
fixed on the gênerai philosophy of analysis. 

As for the rest, though I was bound to exhibit in my summary 
exposition the state of extrême imperfection in which the intégral 
calculus still remains, it would be entertaining a false idea of the 
gênerai resources of the transcendental analysis to attach too much 
importance to this considération. As in ordinary analysis, we find 
hère that a very small amount of fundamental knowledge respecting 
the resolution of équations is of inestimable use. However little 
advanced geometers are as yet in the science of intégrations, they 
hâve nevertheless derived from their few abstract notions the solution 
of a multitude of questions of the highest importance in geometry, 
mechanics, thermology, etc. The philosophical explanation of this 
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double gênerai fact îs found în the preponderating importance and 
scope of abstract science, the smallest portion of which naturally 
corresponds to a multitude of concrète researches, Man having no 
other resonrce for the successive extension of his intellectual means 
than în the contemplation of ideas more and more abstract, and 
nevertheless positive. 



CalculiLS of Variations. 

By his Calculus or Method of Variations, Lagrange împroved 
the capacity of the transcendental analysis for the establishment of 
équations in the most difficult problems, by considering a class of 
équations still more indirect than difFerential équations properly so 
called. It is still too near its origin, and its applications hâve been 
too few, to admit of its being understood by a purely abstract 
îiccount of its theory ; and it is therefore necessary to indicate briefly 
llie spécial nature of the problems which hâve given rise to this 
liyper-transcendental analysis. 

Thèse problems are those which werelong known by the name of 
Isoperimetrical Problems ; a name which is truly probiems giving 
applicable to only a very small number of them. risetoUUs 
Tliey /Donsist in the investigation of the maxirna and ^<^^^' 
minima of certain indeterminate intégral formulas which express the 
analytical law of such or such a georaetrical or mechanical pheno- 
menon, considered independently of any particular subject. 

In the ordinary theory of maxima and minimay we seek, with 
regard to a given function of one or more variables, what particular 
values must be assigned to thèse variables, in order that the 
corresponding value of the proposed function may be a maximum 
or a minimum with respect to those values which immediately pré- 
cède and follow it : — that is, we inquire, properly speaking, at what 
instant the function ceases to increase in order to begin to decrease, 
or the reversa. The differential calculus fuUy suffices, as we know, 
for the gênerai resolution of this class of questions, by showing that 
the values of the différent variables which suit either the maximum 
or minimum must always render null the différent derivatives of tlie 
first order of the given function, taken separately with relation tp 
each independent variable ; and by indicating moreover a character 
suitable for distinguishing the maximum from the minimum, which 
consists, in the case of a function of a single variable, for example, 
în the derived function of the second order taking a négative value 
for the maximum and a positive for the minimum. Such are the 
fundamental conditions belonging to the majority of cases ; and 
where modifications take place, they are equally subject to invariable, 
thoiigh more complicated abstract rules. 

Tlie construction of this gênerai theory having destroyed the 
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chîef interest of geometers in thîs kînd of questions, tliey rose 
almost immediately to the consîdemtîon of a new orderofproblems, 
at once more important and more diflScult, — those of isiiperimeiet's. 
It was then no longer the values of the variables proper to the 
maximum or the minimum of a given function that had to be 
determined. It was the form of the function ilself that had to be 
discovered, according to the condition of the maximum or minimum 
of a certain definîte intégral, merely indicated, which depended ou 
that function. We cannot hère follow the history of thèse problems, 
the oldest of whicli is that of the solid ofleast résistance, treated by 
îfevvton in the second book of the * Principîa/ in which lie déter- 
mines what must be the meridian curve of a solid of révolution, in 
order that the résistance experîenced by that body in the direction 
of its axis may be the least possible. Mechanics fîrst furnished 
this new class of problems ; but it was from geometry that tbe 
subjects of the principal investigations were afterwards derived. 
They were varied and complicated almost infinitely by the labours 
of the best geometers, when Lagrange reduced their solution to 
an abstract and entirely gênerai method, the discovery of which 
bas checked the eagerness of geometers about such an order of 
researches. 

It is évident that thèse problems, considered analytically, consîst 
in determining what ought to be the form of a certain unknowu 
function of one or more variables, in order that such or such an 
intégral, dépendent on that function, may bave, within assigned 
limits, a value which may be a maximum or a minimum, with 
regard to ail those which it would take if the required function bail 
any other form whatever. In treating thèse problems, the predece^- 
sors of Lagrange proposed, in substance, to reduce them to the ordi- 
nary theory of maxima and minima. But they proceeded by apply- 
ing spécial simple artifices to each case, not reducible to certain 
rules ; so that every new question reproduced analogous difficulties, 
without the solutions previously obtained being of any esseutial aid. 
The part common to ail questions of this class had pot beea dis- 
covered ; and no abstract and gênerai treatment was therefore pro- 
vided. In bis endeavours to bring ail isoperimetrical problems to 
dépend on a common analysîs, Lagrange was led to the conception 
of a new kind of difFerentiation ; and to thèse new DifFerentials he 
gave the name of Variations. ïhey consist of the infinitely small 
incréments which the intégrais receive, not in virtue of analogous 
incréments on the part of the corresponding variables, as in the 
common transcendental analysîs, but by supposing that the form 
of the function placed under the sign of intégration undergoes an 
infinitely small change. This abstract conception once Ibrmed, 
Lagrange was able to reduce with ease, and in the most gênerai 
n^anner, ail the problems of isoperimeters to the simple common 
■theory of maxima and minium. . 
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• Important as îs tliîs great and liappy transformation, and thougli 
tlie Method of Variations had at first no other object otktr appii- 
than the rational and gênerai resolution of isoperi- cations. 
raetrical problems, we should form a very inadéquate estimate of 
tins beautiful analysis if we supposed it restricted to this application. 
In fact, the abstract conception of two distinct natures of differen- 
tiation îs evidently applicable, not only to the cases for wliich it was 
created, but for ail whicli présent, for any reason whatever, two 
diflferent ways of making the same magnitudes vary. Lagrange 
himself made an immense and ail-important application of bis Oal- 
culus of Variations, in bis * Analytical Mechanics/ by employing 
it to distinguish the two sorts of changes, naturally presented by 
questions of rational Mechanics for the diflferent points we hâve to 
consider, according as we compare the successive positions occupied, 
in virtue of its motion, by the same point of each body in two con- 
sécutive instants, or as we pass from one point of the body toanother 
in the same instant. One of thèse comparisons produces the common 
differentials ; the other occasions variations which are, there as else- 
where, only diflFerentials taken from a new point of view. It is in 
puch a gênerai acceptation as this that we must conceive of the 
Calculus of Variations, to appreciate fîtly the importance of this 
admirable logical instrument ; the most powerful as y et constructed 
by the human mînd. 

ïhis Method being only an immense extension of the gênerai 
transcendental analysis, there is no need of proof that it admits of 
being considered under the diflferent primary points of view allowed 
by the calculus of indirect f unctions, as a whole. Lagrange invented 
the calculus of variations in accordance with the infinitésimal con- 
ception, properly so called, and even some time before he undertook 
the gênerai reconstruction of the transcendental analysis. When 
he had effected that important reform, he easily showed how appli- 
cable itwas to the calculus of variations, which he exhibited with ail 
Ruitable development, according to bis theory of derived functions. 
But the more difficult in the use the method of variations is found to 
be, on account of the higher degree of abstraction of the ideas con- 
sidered, the more important it is to busband the powers of our minds 
in its application, by adopting the most direct and rapid analytical 
conception, which is, as we know, that of Leibnitz. Lagrange himself 
therefore constantly preferred it in the important use which he made 
of the calculus of variations in bis * Analytical Mechanics.' ïhere 
is not, in fact, the slightest hésitation about this among geometers. 

In the section on the Intégral Calculus, I noticed D'Alembert's 
création of the Calculus of partial différences, in jteuuwn to 
which Lao:ran<]je reco*înized a new calculus. Tins the ordinarp 
new elementai-y idea in transcendental analysis, — the ^«^^utu*. 
notion of two kinds of incréments, distinct and in dépendent of each 
other, which a function of two variables may receive in virtue of tlàie 
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change of eacli variable separately, — seems to nie to establîsh a 
natural and necessary transition between the comnion infini tesiuiîil 
calculus and the calculus of variations. D^Alembert's view appears 
to me to approximate, by its nature, very nearly to that which Kcrves 
as a gênerai basis for the Method of Variations. ïhis last has, 
in fact, done nothing more than transfer to the independent variables 
themselves the view ah'eady adopted for the functions of those vari- 
ables ; a process which has remarkably extended its use. A récogni- 
tion of such a dérivation as this for the method of variations may 
exhibit its philosophical character more clearly and simply ; and 
this is niy reason for the référence. 

The Method of Variations présents îtself to us as the highest 
degree of perfection which the analysis of indirect functions has yet 
attained. We had before, in that analysis, a powerful instrument 
for the mathematical study of natural phenomena, inasmuch as it 
introduced the considération of auxiliary magnitudes, so chosen as 
that their relations were necessarily more simple and easy to obtairi 
than those of the direct magnitudes. But we had not any gênerai 
and abstract ruies for the formation of thèse differential équations ; 
nor were such supposed to be possible. Now, the Analysis of 
Variations brings the actual establishment of the difierential équa- 
tions within the reach of the Calculus ; for such is the gênerai 
effect, in a great number of important and difficult questions, of tlie 
varied équations, which, still more indirect than the simple differ- 
ential équations, as regards the spécial objects of the inquiry, are 
more easy to form : and, by invariable and complète analytical 
methods, employed to eliminate the new order of auxiliary infini- 
tesimals introduced, we may deduce those ordinary difierential 
équations which we raight not havè been able to establîsh directly. 
The Method of Variations forms, then, the most sublime part of 
that vast System of mathematical analysis, wliich, setting out frooi 
the sîmplest éléments of algebra, organizes, by an uninterrupted 
succession of ideas, gênerai methods more and more potent for 
the investigation of natural philosophy. This is incomparably tlie 
noblest and most unquestionable testimony to the scope of the humaii 
intellect. If, at the same time, we bear in mind that the employ- 
ment of this method exacts the highest known degree of intellectual 
exertîon, in order never to lose sight of the précise object of the 
investigation in following reasonings which ofiei* to the mind such 
uncertain resting-places, and in which signs are of scarcely any 
assistance, we shall understand how it may be that so little use lias 
been made of such a conception by any philosophers but Lagrange. 

We hâve now reviewed Mathematical analysis, in its bases and 
in its divisions, very briefly, but from a philosophical point of view, 
neglecting those conceptions only which are not organized with tluî 
great whole, or which, if urged to their limit, would be found to 
merge in some whioh hâve been examined. I must next ofier a 
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BÎmilar outline of Concrète Mathematics. My partîcular task will 
be to show how, — supposing the gênerai science of the Calculus 
to be in a perfect state, — it lias been possible to reduce, by invari- 
îible procédures, to pure questions of analysis, ail the problems of 
Geometry and Mechanics; and thus to invest thèse two great 
bases of natural philosophy with that précision and unity which eau 
only thus be attained, and which constitute hîgh perfection. 
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CHAPTER III. 

GENERAL VIEW OF GEOMETRT. 

We have seen that Geometry is a true natural science ; — only more 
simple, and therefore more perfect than any other. We must not 

suppose that, because it admits the application of 

mathematical analj^sis, ît is therefore a purely logical 

science, îndependent of observation. Erery body studied by geo- 

meters présents some primitive phenomena which, not beîng dis- 

coverable by reasoning, must be due to observation alone. 

The scienlific eminence of Geometry arises from the extrême 
generality and simph'city of its phenomena. If ail the parts of the 
uni verse were regarded as immovable, geometry would still exîst ; 
whereas, for the phenomena of Mechatiics, motion is required. Thus 
Geometry is the more gênerai of the two. It is also the more simple, 
for its phenomena are independent of those of Mechanics, while 
mechanical phenomena are always complicated with those of geo- 
metry. The same is true in the comparison of abstract thermology 
with geometry. For thèse leasons, geometry holds the first place 
under the head of Concrète Mathematics. 

Instead of adoptîng the inadéquate ordinary account of Geometry, 
^ ^ .^. that it is the science of extension, I am disposed to 

give, as a gênerai description of it, that it is the 
science of the measurement of extension. Even this does not include 
ail the opérations of geometry, for there are many investigations 
which do not appear to have for their object the measurement of 
extension. But regarding the science in its leading questions as 
a whole, we may accurately say that the measurement of lines, of 
surfaces, and of volumes, is the invariable aim, — sonietimes direct, 
thongh oftener indirect, — of geometrical labours. 

The rational study of geometry could never have begun if we 
must have re«rarded at once and tôt^ether ail the phy- 
sical properties of bodies, together with their magni- 
tude and form. By the character of our minds we are able to think 
of the dimensions and figure of a body in an abstract way. After 
observation bas shown us, for instance, the impression left by a body 
on a fluid in which it bas been placed, we are able to retain an 
image of the impression, which becomes a ground of geometrical 
reasoning. We thus obtain, — apart from ail metaphysical fancies, 
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— an idea of Space. Thîs abstraction, now so famîlîar to us tliat 
we cannot conceive the state we should be in witbout it, is perhaps 
tbe earliest pbilosopliical création of the human mind. 

ïhere is another abstraction wbich must be made before we can 
enter on geometrical science. We must conceive of Kind^ of ■ 
three kinds of extension, and learn to conceive of exunsion. 
them separately. We cannot conceive of any space, filled by any 
object, which bas not at once volume, surface, and Une. Tet geo- 
metrical questions often relate to only two of thèse ; frequently only 
to one. Even when ail three are to be finally considered, it is often 
necessary, in order to avoid complication, to take only one at a time. 
This is the second abstraction which it is indispensable for us to 
practise, — to think of surface and line apart from volume; and 
again, of line apart from surface. We effect this by thinking of 
volume as becoming thinner and thînner, till surface appears as the 
thinnest possible layer or film : and a<^ain, we think of this surface 
becoming narrower and narrower, till it is reduced to the finest 
imaginable thread ; and then we bave the idea of a line. ïhough 
we cannot speak of a point as a dimension, we must bave the abstract 
idea of that too ; and it is obtaîned by reducing the line from one 
end or both, till the smallest conceivable portion of it is left. ïhis 
j)oint indicates, not extension, of course, but position, or the place 
of extension. Surfaces bave clearly the property of circumscribing 
volumes ; lines, again, circumscribe surfaces ; and lines, once more, 
are limited by points. 

The Mathematical meaning of measurement is sîmply the finding 
the value of the ratios between any homogeneous Geometrical 
magnitudes : but geometrical ly, the measurement is measurement. 
always indirect. The comparison of two lines is direct ; that of two 
surfaces or two volumes can ne ver be direct. One line may be con- 
ceived to be laid upon another : but one volume cannot be conceived 
of as laid upon another, nor one surface upon another, with any 
convenience or exactness. The question is, then, how to measure 
surfaces and volumes. 

Whatever be the form of a body, there must always be linos, the 
length of which will define the magnitude of the sur- Meaauremmt 
face or volume. It is the business of geometry to use of surfaces and 
thèse lines, directly measurable as they are, for the ^<^^"'"«*- 
ascertainraent of the ratio of the surface to the unity of surface, or of 
the volume to the unity of volume, as either may be sought. In brief, 
the object is to reduce ail comparisons of surfaces or of volumes to 
simple comparisons of lines. Extendîng the process, we find the 
possi'bility of reducing to questions of lines ail questions relating to 
surfaces and volumes, regarded in relation to their magnitude. It 
is true that when the lational method becomes too complicated and 
(lifHcult, direct comparisons of surfaces and volumes are employed ; 
but the procédure is not geometrical. In the same way, the cou- 
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sideratîon of weiglit îs sometîraes brought în, to détermine volume, 
or even surface ; but this device is derived from mechanîcs, and bas 
nothing to do with rational geometry. 

In speaking of the direct measureraent of Unes, ît îs clear tbat rîght 
Ofcurved lines are'meant. Wben we consider curved Unes, it 
Unes. ig évident that their measurement must be indirect, 

RÎnce we cannot conceive of curved lines being laid upon eacli other 
with any précision or certaînty. ïlie procédure is first to reduce 
the measurement of curved to that of right lines ; and consequently 
to reduce to simple questions of rîght lines ail questions relaling lo 
the magnitude of any curves whatever. In every curve, there always 
exist certain right lines, the lengtli of which must détermine that 
of the curve ; as the length of the radius of a circle gives us that 
of the circumference ; and again, as the length of an ellipse dépends 
on that of its two axes. 

ïhus, the science of Geometry bas for its object the final réduc- 
tion of the comparisons of ail kinds of extent to comparisons of right 
lines, which alone are capable of direct comparison, and are, more- 
over, eminently easy to manage. 

I must just notice that there îs a primary distinct branch of 
Geometry, exclusively devoted to the rîght line, on account of 
occasionable insurmoun table difficulties în making the direct com- 
parison ; its object is to détermine certain right lines from others 
by means of the relations proper to the figures resulting from 
their assemblage. The importance of this is clear, as no ques- 
tion could be solved if the measurement of rîght lines, on which 
every other dépends, were left, în any case, uncertaîn. The natural 
order of the parts of rational geometry is therefore, first the geometry 
of UnCy beginning with the right line ; then the geometry of sur- 
feuses; and, finally, that of volumes. 

The field of geometrîcal science îs absolutely unbounded. There 
lu iuimit' luay he as many questions as there are conceîvable 
abiejieid, figures ; and the variety of conceîvable figures îs in- 
finité. As to curved Lines, if we regard them as generated by the 
motion of a point governed by a certain law, we cannot limit their 
number, as the variety of distinct conditions îs nothing short of 
infinité ; each generating new ones, and those again others. Sur- 
faces, again, are conceîved of as motions of lines ; and they not only 
partake of the variety of lines, but bave another of their own, arisîn^ 
from the possible change of nature in the line. There can be 
nothing like this in lines, as points cannot describe a figure. Thus, 
there is a double set of conditions under which the figures of sur- 
faces may vary : and we may say that if lines bave one înfinity of 
possible change, surfaces hâve two. As for Volumes, they are 
distinguished from one another only by the surfaces which bound 
them ; so that they partake of the variety of surfaces, and need no 
si)ecial considération under this head. If we add the one further 
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reraark, that surfaces tliemselves furnîsli a new means of conceivin^ 
of Dew curves, as every curve may be regarded as produced by the 
intersection of two surfaces, we shall perceive that, starling from a 
narrow ground of observation, we can obtain an absolutely infinité 
variety of forms, and therefore an illimitable field for geometrical 
science. 

The connection between abstract and concrète geometry is estab- 
lished by the study of the propertîes of Unes and sur- Properties of 
faces. Without multiplying in this way our means of Unes and 
récognition, we should not know, except by accident, '«'•/«<^*- 
how to find in nature the figure we désire to verify. Astronomy was 
recreated by Kepler*s discovery that the ellipse was the curve which 
ihe planets describe about the sun, and the satellites about their 
planet. This discovery could never bave been made if geometers 
had known no more of the ellipse than as the oblique section of a 
circular cône by a plane. AU the properties of the conic sections 
brought out by the spéculative labours of the Greek geometers, were 
needed as préparation for this discovery, that Kepler might sélect 
from them the characteristic which was the true key to the planetary 
orbit. In the same way, the spherical figure of the earth could not 
bave been discovered if the primitive character of the sphère hafl 
been the only one known ; — viz., the equidistance of ail its points 
from an interior point. Certain properties of surfaces were the 
means used for Connecting the abstract reasoning with the concrète 
fact. And others, again, were required to prove that the earth is 
not absolutely spherical, and how much otherwise. The pursuit of 
thèse labours does not interfère with the définition of Geometry 
given above, as they tend indirectly to the measurement of exten- 
sion. The great body of geometrical researches relates to the pro- 
perties of lines and surfaces ; and the study of the properties of the 
same figure is so extensive, that the labours of geometers for twenty 
centuries bave not exhausted the study of conic sections. Since the 
time of Descartes, it bas become less important ; but it appears as 
far as ever from being finished. And hère opens another infinity. 
We had before the infinité scope of lines, and the double infinity of 
surfaces : and now we see that not only is the variety of figures 
inexhaustible, but also the diversity of the points of view from 
which each figure may be regarded. 

There are two gênerai Methods of treating geometrical questions. 
Thèse are commonly called Synthetical Geometry Tim gênerai 
and Analytîcal Geometry. I shall prefer the histori- Methods. 
cal titles of Geometry of the Ancients and Geometry of the 
Modems. But it is, in my view, better still to call them Spécial 
Geometry and General Geometry, by which their nature is most 
accurately conveyed. 

The Calculus was not, as some suppose, imknown to the ancients, 
as we perceive by their applications of the theory of proportions. 
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The différence between them and us îs not so much în the instru- 
ment of déduction as in the nature of the questions 
a!i^t%.nd consîdered. ïhe ancients studied geometry with 
gênerai or référence to the bodies under notice, or spécial ly: the 
n^nr^ ^^ modems study it with référence to the pkenomena to 
be considered, or generally. The ancients extracted 
nll they could ont of one line or surface, before passing to another ; 
and each inquiry gave little or no assistance m the next. The 
modems, sînce Descartes, employ theraselves on questions which 
relate to any figure whatever. They abstract, to treat by itself, 
every question relatîng to the same geometrîcal phenomenon, in 
whatever bodies it may be considered. Geometers can thus rîse 
to the study of new geometrîcal conceptions, which, applied to the 
curvesinvestigated by the ancients, hâve brought out new propertîes 
never suspected by them. The superiority of the modem method 
is obvions at a glance. The time formerly spent, and the sagacity 
and effort employed, în the path of détail, are inconceivably econo- 
ïnized by the gênerai metliod used since the grcat révolution under 
Descartes. The benefît to Concrète Geometry îs no less than to 
the Abstract ; for the récognition of geometrical figures in nature 
was merely embarrassed by the study of lines in détail ; and the 
application of the contemplated figure to the existing body could be 
only accidentai, and within a limited or doubtful range : whereas, 
by the gênerai method, no existing figure can escape application to 
ils true theory, as soon as its geometrical features are ascertained. 
Still, the ancien t method was natural ; and it was necessary that it 
should précède the modem. The expérience of the ancients, and 
the materials they accumulated by their spécial method, were 
indispensable to suggest the conception of Descartes, and to furnisli 
a basis for the gênerai procédure. It is évident that the Calculus 
en n not originate any science. Equations must exist as a startiug- 
poînt for analytical opérations. No other beginning can be made 
than the direct study of the object, pursued up to the point of the 
dîscovery of précise relations. 

We must briefly survey the geometry of the ancients, în its 

Geometry of character of an indispensable introduction to that of 

the ancients. the moderns. The one, spécial and prelîminary, 

must hâve its relation made clear to the other, — the gênerai and 

définitive geometry, which now constitutes tlie science that goes by 

that name. 

We bave seen that Geometry îs a science founded upon observa- 
tion, though the materials furnished by observation are few.and 
simple, and the structure of reasoning erected upon them vast and 
complex. The only elementary materials, obtainable by direct 
study al one, are those which relate to the right line for the geometry 
of lines ; to the quadrature of rectilinear plane areas ; and to the 
cubaiure of bodies terminated by plane faces. The begirming of 
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geohietry must be from tbe observation of Unes, of flat surfaces 
angularly bounded, and of bodies which bave more or less bulk, 
also ann^nlarly bonnded. ïhese are ail ; for ail otber figures, even 
tbe circle, and the figures belonging to it. now conie under tbe 
head of analytical geometry. Tlie three éléments just mentioned 
allow a suflSciency of equgtions for the calculus to proceed upon. 
More are not needed ; and we cannot do witb less. Some bave 
endeavoured to ex tend analysis so as to dispense witb a portion 
of thèse facts : but lo do so is merely to return to metiipbysical 
practices, in présent ing actnal facts as logical abstractions. ïho 
nioi"e we perceive Geometry to be, in our day, essentially analytical, 
the more careful we must be not to lose sigbt of tbe basis of obser- 
vation on which ail geometrical science is founded. Wlien we 
observe people attempting to demonstrate axioras and the like, we 
niay avow tbat it is better to admit more than may be quite necessary 
of materials derived from observation, than to carry logical demon- 
stj'ation into a région wbere direct observation will serve us better. 

ïhere are two ways of studying tbe rigbt line — the graphie and 
the algebraic. The thing to be donc is to ascertain, Geometry of the 
by means of one another, the différent éléments of *'*V^* ^*«^- 
any rigbt line whatever, so as to understand, indirectiy, a rigbt line. 
under any circumstances whatever. The way to do this is, first, to 
stiidy the figure, by constructing it, or otherwise Graphical 
directly investigatinjj; it ; and then, to reason from solutions. 
that observation. Tlie ancients, in the early days of the science, 
niade great use of the graphie method, even in the form of Con- 
struction ; as when Aristarcbus of Samos estimated the distance of 
the sun and moon from the earth on a triangle constructed as nearly 
as possible in resemblance to the right-angled triangle formed by 
the three bodies at the instant wben the moon is in quadrature, and 
when therefore an observation of tbe angle at the earth would define 
the triangle. Archimedes himself, though he was the first to intro- 
duce calculated déterminations into geometry, frequently used tbe 
same means. The Introduction of trigonometry lessened the prac- 
tice ; but did not abolish it. The Greeks and Arabians employed 
it still for a great number of investigations for which we now con- 
sider the use of the Calculus indispensable. 

While tbe graphie or constructive method answers well when ail 
the parts of the proposed figure lie in the same plane, it must receive 
additions before it can be .applied to figures whose parts lie in 
différent planes. Hence arises a new séries of considérations, and 
différent Systems of Projections. Where we now eraploy spherical 
trigonometry, especially for problems relating to the celestial sphère, 
the ancients had to consider how they could replace constructions in 
relief by plane constructions. This was the object of their analemmas, 
and of the otber plane figiu'es which long supplied the place of the 
Calculas. They were acqiîainted witb the éléments of what we 
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call Descriptive Geometr3% tîiough they dîd not conceîve of it în a 
distinct and gênerai manner. 

Digressing hère for a moment înto the région of application, I 
Descriptive may observe that Descriptive Georaetry, formed into 
Oeometry. ^ distinct System by Monge, practically meets the 
difficulty just stated, but does not warrant the expectations of its 
first admirers, that it would enlarge the domain of ratîonal geometry. 
Its grand use is in its application to the industrial arts ; — its few 
abstract problems, capable of invariable solution, relating essentially 
to the contacts and intersections of surfaces ; so that ail the geo- 
metrical questions which may arise in any of the varions arts 
of construction, — as stone-cutting, cari)entry, perspective, dialing, 
fortification, etc.,— can always be treated as simple individual cases 
of a single theory, the solution being certainly obtainable througli 
the particular circumstances of each case. This création must be 
very important in the eyesof philosophers who think that ail human 
achievement, thus far, is only a first step towards a philosophical 
rénovation of the labours of mankind ; towards that précision and 
logical character which can alone ensure the future progression of 
ail arts. Such a révolution must inevitably begin with that class of 
arts which bears a relation to the simplest, the most perfect, and 
the most ancient of the sciences. It must extend, in time, though 
less readily, to ail other industrial opérations. Monge, who under- 
stood the philosophy of the arts better than any one else, himself 
indeed endeavoured to sketch out a philosophical system of mechan- 
ical arts, and at least succeeded in pointing out the direction ia 
which the object must be pursued. Of Descriptive Geometry, it 
may further be said that it usefuUy exercises the students' faculty 
of Imagination, — of conceiving of complicated geometrical com- 
binations in space ; and that, while it belongs to the geometry of 
the ancients by the character of its solutions, it approaches to the 
geometry of the modems by the nature of the questions which 
compose it. Consisting, as we hâve said, of a few abstract problems 
obtained through Projections, and relating to the contacts and 
intersections of surfaces, the invariable solutions of thèse problems 
are at once graphical, like those of the ancients, and gênerai, like 
those of the modems. Yet, as destined to an industrial application, 
Descriptive Geometry has hère been treated of only in the way of 
digression. Leaving the subject of graphie solution, we hâve to 
notice the other branch, — ^the algebraic. 

Some may wonder that this branch is not treated as belonging to 

Aigebraic General Geometry. But, not only were the ancients, 

solutions, in fact, the inventors of trigonometry, — spherical as 

well as rectilinear, — though it necessarily remained imperfect in 

their hands ; but aigebraic solutions are also no part of analytical 

geometry, but only a complément of elementary geometry. 

Since ail rîght-lined figures can be decomposed into triangles, ail 
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tîiat we want îs to be able to détermine the différent éléments of a 
triangle by means of one another. This reduces polygonometry 
to simple trigonometry. 

The difficiilty lies in formîng three distinct eqnations between 
the angles and the sides of a triangle. Thèse ^ . ^^^^ 
équations being obtained, ail trigonoraetrical pro- 
blems are reduced to mère questions of analysis. — There are two 
methods of introducing the angles into the calculation. They are 
either introduced directly, by themselves or by the cîrcular arcs 
whîch are proportional to them : or they are introduced indirecily, 
by the chords of thèse arcs, vvhich are hence called their trigono^ 
metrical Unes. The second of thèse methods was the fîrst adopted, 
because the early state of knowledge admitted of its working, while 
it did not admit the establishment of équations between the sides 
of the triangles and the angles themselves, but only between the 
sides and the trigonometrical Unes. — The method which employs 
the trigonometrical lines is still preferred, as the moie simple, the 
équations existing only between right lines, instead of between 
right lines and arcs of circles. 

To meet the probable objection that ît is rather a complication 
than a simplification to introduce thèse lines, which hâve at last to 
be eliminated, we must explain a little. 

Their introduction divides trigonometry into two parts. In one, 
we pass from the angles to their trigonometrical lines, or the con- 
verse : in the other we bave to détermine the sides of the triangles 
by the trigonometrical lines of their angles, or the converse. Now, 
the first process is donc for us, once for ail, by the formation of 
numerical tables, cnpable of use in ail conceivable questions. It is 
only the second, which is by far the least laborious, that lias to be 
undertaken in each individual case. The first is always donc in 
advance. The process may be compared with the theory of logar- 
ithms, by which ail imaginable arithmetical opérations are decom- 
posed into two parts — the first and most difficult of which is done 
in advance. 

We must remember, too, in considering the position of the 
ancients, the remarkable fact that the détermination of angles by 
their trigonometrical lines, and the converse, admits of an arith- 
metical solution, without the préviens resolution of the corresponding 
algebraic question. But for this, the ancients could not bave 
obtained trigonometry. When Archimedes was at work npon the 
rectification of the circle, tables of chords were prepared : from his 
labours resulted the détermination of a certain séries of chords: 
and, when Hipparchus afterwards invented trigonometry, he had 
only to complète that opération by suitable intercalations. The 
connection of ideas is hère easily recognized. 

For the same reasons which lead us to the employment of thèse 
lines, we must emplpy several at once, instead of confining ourselves 
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to one, as tlie ancîents dîd. The Arabîans, and after tliera thô 
modems, attained to only four or five direct trigonometrical Unes 
altogether ; wbereas ît is clear that the niiruber is not limited. — 
Instrad, however, of plunging into deep complications, in obtainîng 
new direct lines, we create indirect ones. Instead, for instance, of 
directly and necessarily determining the sine of an angle, we may 
détermine tbe sine of its balf, or of its double, — taking any line 
relating to an arc which is a very simple function of the first. 
Tiius, we may say that the number of trigonometrical lines actually 
employed by modem geometers is unlimited through the augmen- 
tations we may obtain by analysîs. Spécial names hâve, however, 
been given to those indirect lines only which refer to the complé- 
ment of the primitive arc, — otliers being in much less fréquent 
use. 

Out of this device arises a third section of trigonometrical 
knowledge. Having întroduced a new set of lines, — ^'of auxiliary 
magnitudes — we bave to détermine their relation to the first. And 
this study, though preparatory, is indefinite in its scoi)e, while the 
two other departments are strictly limited. 

ïhe three must, of course, be studied in just the reverse order to 
that in which it bas been necessary to exhibit them. First, the 
student must know the relations between the indirect and direct 
trigonometrical lines : and the resolution of triangles, properly so 
ealled, is the last process. 

Spherical trigonometry requires no spécial notice hère (ail-im- 
portant as it is by its uses), — since it is, in our day, simply au 
application of rectilinear trigonometry, through the substitution: 
of the corresponding trihedral angle for the spherical triangle. 

This view of the philosophy of trigonometry bas been given 
chîefly to show how the most simple questions of elementary 
geometry exhibit a close dependence and regular ramification. 

Thus bave we seen what is the peculiar character of Spécial 
Geometry, strictly considered. We see that it constitutes an 
indispensable basis to General Geometry. Next, we bave to study 
the philosophical character of the true science of Geometry, begîn- 
ning with the great original idea of Descartes, on which it is wholly 
founded. 



Modem, or Analytical Geometry. 

General or Analytical Geometry is founded upon the transfor- 
mation of geometrical considérations into équivalent analytical con- 
sidérations. Descartes established the constant possibility of doing 
this in a uniform manner: and bis beautiful conception is inter- 
esting, not only from its cariying on geometrical science to a 
logical perfection, but from its showing us how to organize thu 
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relations of the abstract to the concrète îa Mathematics by the 
analjtical représentation of natural phenomena. 

The first thing to be done is evidently to ând and fix a method 
for expressing analytîcally tho subjects whîch afford jinaiyticaX rc- 
tbe phenomena. If we can regard lines and sur* prueiaaJbitm 
faces analytîcally, we can so regard, hencefortb, the offiQ^"^^- 
accidents of thèse subjects. 

Hère occurs the difficulty of redncing ail geometrîcal îdeas to 
those of number : of substîtuting considérations of quantity fqr ail 
considérations of quality. — In dealing with this difficulty, we must 
observe that ail geometrical ideas come under three heads: — the 
magnitude, ihe figure, and the position of the exten- ^ . . 
sions in question. The relation of the first, magni- 
tude, to numbers îs immédiate and évident : and the other two are 
easily brought into one ; for the figure of a body îs nothing else than 
the natural position of the points of whîch it is composed: and its 
position cannot be conceived of îrrespective of its figure. We 
liave therefore only to establish the one relation between ideas 
of position and ideas of magnitude. It is upon this that Descartes 
bas established the system of General Geometry. 

The method is simply a carrying ont of an opération whîch is 
natural to ail minds. If we wish to indicate the situation of an 
object whîch we cannot point out, we say how it is related to objects 
tliat are known, by assîgning the magnitude of the différent geo- 
metrical éléments which connect it with known objects. 

ïhose éléments are what Descartes, and ail other geometers after 
him, hâve called the co-ordinates of the point considered. If we 
know in what plane the point is situated, the co-ordinates are two. 
If the point may be anywhere in space, the co-ordinates cannot be 
less than three. They may be multiplîed without limit : but whether 
few or many, the ideas of position will hâve been reduced to those 
of magnitude, so that we shall represent the displacement of a point 
as produced by pure numerîcal variations in the values of its co- 
ordinates. — The simplest case of ail, that of plane geometry, is when 
we détermine the position of a point on a plane by considering ita 
distances from two fixed right lines, supposed to be known, and 
gênerai ly concluded to be perpendicular to each other. Thèse are 
called axes. Next, there may be the less simple process of deter- 
mining the position by the distances from two fixed points ; and so 
on to greater and greater complications. But, from some system or 
other of co-ordinates being always employed, the question of position 
is always reduced to that of magnitude. 

It is clear that our only way of marking the position of a point is 
by the intersection of two lines. When the point is Position of 
determined by the intersection of two right lines, each ** p^^^^- 
parallel to a fixed axis, that is the system of rectilinear co-ordinates, 
—the most common of ail. The polar system of co-ordinates ex- 

VOL. I. ^ 
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hibîts thé point by the "travelling of a rîght line round a fixed centre 
of a cîrcle of variable radius. Again, two circles raay intersect, or 
any other two lines : so that to assign the value of a co-ordinate is 
the same thing as to détermine the line on which the point must be 
sîtuated. The ancîent geometers, of coui*se, were like ourselves in 
this necessary method of conceiving of position: and their georaetrical 
loci were founded upon it. It was in endeavouring to fortn the 
process into a gênerai System that Descartes created Analytical 
Geometry, — Seeing, as we now do, how ideas of position, — and, 
through them, ail eleraentary geometrical ideas, — can be reduced to 
ideas of number, we learn what it was that he efifected. 

Descartes treated only geometry of two dimensions in his analy- 
tical method : and we will at first consider only this 

Plane Curves. i • j i. • • «xi^ -di n t • i. u 

kmd, begmnmg with Jrlane Curves. Lmes must be 
expressed by équations : and again, équations must be expressed by 
Expression 1*^^^, when the relation of geometrical conceptions to 
ofiineahy numbers îs established. — It cornes to the same thing 
Equations, wliether we define a line by any one of its properties, 
or supply the correspond ing équation between the two variable co- 
ordinates of the point which describes the line. If a point describes 
a certain line on a plane, we know that its co-ordinates bear a fixed 
relation to each other, which may be expressed by an appropriate 
équation. If the point describes no certain line, its co-ordinates 
must be two variables independent of each other. Its situation in 
the latter case can be determined only by giving at once its two co- 
ordinates, independently of each other : whereas, in the former case, 
a single co-ordinate suffices to fix its position. The second co- 
ordinate is then a determinate function of the first; — that is, there 
exists between them a certain équation of a nature corresponding to 
that of the line on which the point is to be found. The co-ordinates 
of the point each require it to be on a certain line : and again, its 
being on a certain line is the same thing as assigning the value of 
one of the two co-ordinates ; which is then found to be entirely 
dépendent on the other. ïhus are lines analytically expressed by 
équations. 

By a converse argument may be seen the geometrical necessity 

Expression ^^ representiug by a certain line every équation of 

of équations two variables, in a determinate system of co-ordi- 

hy lines, nates. In the absence of any other known profierty, 

such a relation would be a very characteristic définition ; and its 

scientific effect would be to fix the attention immediately upon the 

gênerai course of the solutions of the équation, which will thus be 

noted in the most striking and simple manner. There is an évident 

and vast advantage in this picturing of équations, which reacts 

strongly upon tlie perfecting of analysis itself. The geometrical 

locus stands before our minds as the représentation of ail the détails 

that hâve gone to its préparation^ and thus renders comparatively 
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eas}' our conception of new gênerai analytîcal views. Tliîs metliod 
has become entirely elementary in our day ; and it is employed 
when we want to get a clear idea of the gênerai character of tlie 
law which runs through a séries of particular observations of any 
kind whatever. 

Recurring to tlie représentation of lines by équations, which îs our 
cliief object, we see that tliis représentation is, by its oiangt in tke 
nature, so faitliful, that the Une could not undergo Une chauffes 
any modification, even the slightest, without causing ^^««"^«>»*- 
a corresponding change in the équation. Some spécial difficultîes 
avise out of tliis perfect exactuess ; for since, in our System of 
analytîcal georaetry, mère displacements of lines affect équations as 
much as real variations of magnitude or form, we might be in 
danger of confounding the one with the other, if geometers had not 
discovered an ingénions method expressly intended to distinguish 
lliem always. It must be observed that gênerai inconveniences of 
lliis nature appear to be strictly inévitable in analytical geometry ; 
siuce, ideas of position being the only geonietrical ideas immediately 
reducible to numerical considérations, and conceptions of form not 
being referrible to them but by seeing in them relations of situation, 
it is impossible that analysis should not at first confound phenomena 
of form with simple phenomena of position ; which are the only 
ones that équations express directly. 

ïo complète our description of the basis of analytical geometry, 
it is necessary to point out that not only must every ^ défini- 
defined line give rise to a certain équation between twnofaiine 
llie two co-ordinates of any one of its points, but ** ^^ eqiMtion. 
every définition of a line is itself an équation of that line in a suit- 
able System of co-ordinates. 

Considering, first, what a définition îs, we say it must distinguish 
the defined olyect from ail others, by assigning to it a property 
which belongs to it alone. But this property may not disclose the 
mode of génération of the object, in which case the définition îs 
merely cha/rcvcteristic ; or it may express one of its modes of généra- 
tion, and in that case the définition îs eocphnatoiy. For instance, if 
we say that the circle îs the line which in the same form contains the 
largest area, we ofier a characteristic définition ; whereas if we choose 
ite property of having ail its points equally distant from a fixed 
point, we hâve an explanatory définition. It is clear moreover that 
ihe characteristic définition always leaves room for an explanatory 
one, which further study must disclose. 

It is to explanatory définitions only that what bas been said of 
Ihe définition of a line being an équation of that line can apply. 
We cannot define the génération of a line without specîfying a 
certain relation between the two simple motions, of translation of 
of rotation, into which the motion of the point which descrîbes it 
will be decomposed at each moment. Now, if we form the most 
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gênerai conœption of what a System of co-ordînates îs, and if we 
admit ail possible Systems, it is clear that such a relation can be 
nothing else than the équation of the proposed line, in a System of 
co-ordinates of a corresponding nature to that of the mode of généra- 
tion considered ; as în the case of the circle, the common définition 
of which may be regarded as being the polar équation of that curve, 
takîng the centre of the circle for the pôle. 

This vîew not only exhibits the necessary représentation of every 
line by an équation, but it indicates the gênerai difl&culty which 
occurs in the establishment of thèse équations, and therefore shows 
us how to proceed in inquiries of this kind which, by their nature, 
do not admit of invariable rules. Since every explanatory définition 
of a line constitutes the équation of that line, it is clear that when 
we find difficulty in discovering the équation of a curve by means 
of some of its characteristic propertîes, the difl&culty must proceed 
from our taking up a designated System of co-ordinates, instead of 
admitting indifferently ail possible Systems. ïhese Systems are not 
ail equally suitable ; and, in regard to curves, geometers think 
that they should almost always be referred, as far as possible, to 
rectilinear co-ordinates. Now, thèse particular co-ordinates are 
often not those with référence to which the équation of the curve 
will be found to be established by the proposed définition. It is în 
a certain transformation of co-ordinates then that the chief difficulty 
in the formation of the équation of a line really consists. The view 
I hâve given does not furnish us with a complète and certain gênerai 
method for the establishment of thèse équations ; but it may cast a 
useful light on the course which it is best to pursue to attain the 
end proposed. 

The choice of co-ordinates — ^the préférence of that system which 

Cfunce of may be most suitable to the case — is the remaining 

co-ordinates, point which we hâve to notice. 

First, we must distinguish very carefuUy the two views, the 
converse of each other, which belong to analytical geometry, viz., 
the relation of algebra to geometry, founded on the représentation 
of lines by équations, and, reciprocally, the relation of geometry to 
algebra, founded on the picturing of équations by lines. Though 
the two are necessarily combined in every investigation of gênerai 
geometry, and we hâve to pass from the one to the other alter- 
nately, and almost insensibly, we must be able to separate thera 
hère, for the answer to the question of method which we are con- 
sidering is far from being the same under the two relations : sa 
that without this distinction we could not form any clear idea of it. 

In the case of the représentation of lines by équations, the first 
•object is to choose those co-ordinates which aftbrd the greatest 
simplicity in the équation of each line, and the greatest facility in 
arriving at it. There can be no constant préférence hère of one 
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System of co-ordinates. The rectilînear System îtself, though often 
advantageons, cannot be always so, and may be, in turn, less so 
than anv other. But it îs far otherwîse in the converse case of the 
reprCvsentation of équations by Unes. Hère tlie rectilînear System is 
always to be preferred, as the most simple and trustworthy. If we 
seek to détermine a point by the intersection of two lines, ît must 
be best that tliose Unes should be the simplest possible ; and this 
confines our choice to the rectilînear System. In constructing 
«^eometrîcal loci, that System of co-ordinates must be the best in 
which it is easiest to conceive the change of place of a point result- 
ing from the change in the value of its co-ordinates ; and this is the 
case with the rectilînear System. Again, there is great advantage 
in the common usage of taking the two axes perpendicular to each 
other, when possible, rather than with any other inclination. In 
representing lines by équations, we must take any inclination of the 
axes which may best suit the partîcular question ; but, in the con- 
verse case^ it is easy to see that rectangular axes permit us to 
represent équations in a more simple, and even in a more faithfui 
manner. For if we extend the geometrical locu8 of the équation 
into the several unequal régions marked out by oblique axes, we 
sluiU hâve différences of figure which do not correspond to any 
nnalytical diversity ; and the accuracy of the représentation will be 
lost. 

On the whole then, taking together the two points of vîew of 
analytical geometry, the oïdinary System of rectilînear co-ordinates 
is superior to any other. Its high aptitude for the représentation 
of équations must raake it generally preferred, though a less perfect 
Bystem may answer better in partîcular cases. The most essential 
tiieories in modem geometry are genemlly expressed by the recti- 
linear System. The polar System is preferred next to it, both because 
its opposite character enables it to solve in the simplest way the 
eqnations which are too complicated for management under the 
first; and because polar co-ordinates hâve often the advantage of 
admittingof a more direct and natural concrète signification. This 
is the case in Mechanics, in the geometrical questions arisîng out 
of the theory of cîrcular movement, and in almost ail questions of 
celestîal geometry. 

Siich was tho field of the labours of Descartes, bis conception of 
analytical geometry being designed only for the study of Plane 
Curves. It was Clairaut who, about a century later, extended it to 
tbe study of Surfaces and Curves of double curvature. The concep- 
tion having been explaîned, a very brîef notice will suffice for the rest. 

With regard to Surfaces the détermination of a point in spaoo 
requires that the values of tliree co-ordinates should Détermination 
be assigned. The System generally adopted, which of a point in 
corresponds with the rectilînear 83'^tem of phme ^P***^ 
geometry, is that of distances from the point to three fixed planes, 
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iisually perpendîcnlar to each other, whereby the point îs presented 
as the intersection of three planes whose direction is invariable. 
Beyond this, there is the same infinité variety among possible 
Systems of co-ordinates, that there is in geometry of two dimensions. 
Instead of the intersection of two Unes, it must be that of three 
surfaces which détermines the point ; and each of the three sur- 
faces has, in the sarae way, ail its conditions constant, except one, 
which gives rise to the corresponding co-ordinates, whose peculiar 
gecraetrical effect is thus to corapel the point to be situated upon 
that surface. Again, if the three co-ordinates of a point are 
mutually independent, that point can take successively ail possible 
positions in space ; but, if its position on any surface is defined, 
two co-ordinates suffice for determining its situation at any 
moment; as the proposed surface will take the place of the con- 
dition imposed by the third co-ordinate. This last co-ordînate 
then becomes a determinate function of the two others, they re- 
iiiaining independent of each other. ïhus, there will be a certain 
équation between the three variable co-ordinates which will be 
permanent, and which will be the only one, in order to corre- 
spond to the précise degree of indétermination in the position of 
the point 

In the expression of Surfaces by Equations, and again in the 

expression of Equations by Surfaces, the same con- 

af^^acMhy ception is pursued as in the analytical geometry ot 

Equations, and two dimensions. In the first case, the équation will 

by^urfac^ ^^ ^^® analytîcal définition of the proposed surface, 

since it must be verified for ail the points of this 
surface, and for thera only. If the surface undergoes any change, 
the équation must, as in the case of changing Unes, be raodified 
accordingly. AU geometrîcal phenomena relating to surfaces may 
be translated by certain équivalent analytical conditions, proper to 
équations of three variables ; and it is in the establishment and 
interprétation of this harmony that the science of analytical geometry 
of three dimensions essentîally consists. In the second and con- 
verse case, every équation of three variables may, in gênerai, 
be represented geometrically by a determinate surface, defined 
by the characteristic property that the co-ordinates of ail its 
points alvvays préserve the mutual relation exhibited ia this 
équation. 

Thus we see in this application the complément of the original 
idea of Descartes : and it is enough to say this, as every one can 
extend to surfaces the other considérations which bave been indicated 
with regard to lines. I will only add that the superiority of the 
rectilinear System of co-ordinates becomes more évident in analytîcal 
geometry of three dimensions than in that of two, on account of the 
geometrical complication which would foUow the choice of any 
other. 
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In determining Curves of double ciirvature, — wliicU is the last 
elementary point of view of analytical geometry of Curvetof 
three dimensions, — the sarae principle is employed. double 
According to it, it is clear that when a point is curvaturc 
required to be situated upon some certain curve, a single coordînate 
is enougli to détermine its position completely, by the intersection 
of thîs curve with the surface resulting from this co-ordinate. The 
two other co-ordinates of the point must thus be regarded as func- 
lions necessarily determinate, and distinct from the first. Con- 
seqnently, every line, considered in space, is represented analytical ly 
no longer by a single équation, but by a System of two équations 
between the three co-ordinates of any one of its points. It is 
évident, indeed, from another point of view, that the équations 
which, considered separately, express a certain surface, must in 
combination présent the line sought as the intersection of two 
determinate surfaces. As for the difficulty occasioned by the 
infinity of the number of couples of équations, through the infinity 
of couples of surfaces which can enter the same System of co-ordin- 
ates, and by which the line sought may be hidden under endless 
algebraical disguises, it must be got rid of by giving up the facilities 
resulting from such a variety of geometrical constructions. It is 
sufficient in fact, to obtain from the analytical System established 
for a certain line, the System corresponding to a single couple of 
surfaces uniformly generated, and which will not vary except when 
the line itself shall change. Such is a natural use of this kind of 
geometrical combination, which thus affords us a certain means of 
lecognizing the identity of lines in spite of the extensive diversity 
of tlieir équations. 

Analytical Geometry still présents some im- imperfections 
perfections on the side both of geometry and of ofjmdyticai 
analysis. 

In regard to Geometry, the équations can as yet represent only 
entire geometrical loci, and not determinate portions of those loci. 
Yet it is necessary, occasionally, to be able to express analytically 
a part of a line or surface, or even a discontinuons line or surface, 
composed of a séries of sections bcîlonging to distinct geometrical 
figures. Some progress bas been made in supplying means for 
this purpose, to which our analytical geometry is inapplicable ; but 
the method introduced by M. Fourier, in his labonrs on discon- 
tinuous functions, is too complicated to be at présent introductd 
iuto our established System. 

In regard to analysis, we are so far from having a complète 
comrband of analytical geometry, that we cannot imperfections 
fiirnish anything like an adéquate geometrical of Analysis. 
représentation of analytical processes. This is not an imperfection 
in science, but inhérent in the very nature of the subject. As 
Analysis is much more gênerai than geometry, it is of course 
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impossible to find araong geometrîcal phenomena a concrète repre* 
sentation of ail the laws expressed by analysîs : but thei-e is another 
evil which is due to our own imperfect conceptions ; that, ia our 
représentations of équations of two or of three variables by lines or 
surfaces, we regard only the real solutions of équations, without 
noticîng any imaginary ones. Yet thèse last should, in their 
gênerai course, be as capable of représentation as the first. Hence 
the graphie représentation of the équation is always imperfect ; and 
it fails altogether when the équation admits of only imaginary 
solutions. This brings after it, in analytical geometry of two or 
three dimensions, many inconveniences of less conséquence, arising 
from the want of correspondence between varions analytical modi- 
fications and any geometrical phenomena. 

We hâve now seen what Analytical Geometry îs. By this science 
we détermine what is the analytical expression of such or such a 
geometrical phenomenon belonging to lines or surfaces : and, 
reciprocally, we ascertain the geometrical interprétation of such 
or such an analytical considération. It would be interesting now 
to consider the most important gênerai questions which would 
exemplify the manner in which geometers hâve actually established 
this beautiful harmony : but such a review is not necessary to the 
purpose of this Work, and would occupy too much space. We 
hâve seen what is the character of genei-ality and simplicity inhérent 
in the science of Geometry. We must now proceed to ascertain 
what is the true philosophical character of the immense and more 
complex science of Rational Mechanics. 



89 



CHAPTER IV. 

BATIONAL MEGHANICa 

Mechanical plienomena are by theîr nature more partîcular, more 
complieated, and more concrète than geometrical phenomena. 
Therefore they come after geometry în our survey ; and 
therefore mnst they be pronounced to be more difficult ' ** ^^^' 
to study, and, as y et, more imperfect. Geometrical questions are 
îilways completely independent of Mechanics, while mechanical ques- 
tions are closely involved with geometrical considérations, — the for m 
of bodies necessarily influencing the phenomena of motion and equili- 
brium. The simplest change in the form of a body may enhance 
irnraeasurably the difficulties of the mechanical problem relating to 
it, as we seo in the question of the mutual gravitation of two 
bodies, as a resuit of that of ail their molécules ; a qHestion which 
can be completely resolved only by supposing the bodies to be 
spherical ; and thus, the chief difficulty arises eut of the geometrical 
part of the circumstances. 

Our tendency to look for the essences of thîngs, instead of study- 
injç concrète facts, enters disastrously into the study of Mechanics. 
We found something of it in geometry ; but it appears in an 
aggravated form in Mechanics, from the greater complexity of the 
science. We encounter a perpétuai confusion between the abstract 
and the concrète points of view ; between the logical and the 
pbysical ; between the artîficial conceptions necessary to help us 
to gênerai laws of equilibrium and motion, and the natural facts 
furnished by observation, which must form the basis of the science. 
Great as is the gain of applying Mathematical analysis to Mechanics, 
it bas set us back în some respects. ïhe tendency to à priori sup- 
positions, drawn by us from analysis where Newton wisely had 
rocourse to observation, hfis made our expositions of the science less 
clear than those of Newtons days. Inestimable as mathematical 
analysis is for carryiug the science on and upwards, there must first 
be a basis of facts to employ it upon ; and Laplace and others 
were therefore wrong in attemptiiig to prove the elementary law of 
the composition of forces by analytical démonstration. Even if the 
Rcience of Mechanics could be constructed on an analytical basis, 
it is not easy to see hovv such a science could ever be applied to the 
actual study of nature. In fact, that which constitutes the reality 
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of Meclianîcs is tliat the science îs fonnded on some gênerai facts, 
furnished by observation, of which we can give no explanatioa 
whatever. Our business now is to point ont exactly the philo- 
sophical character of the science, distinguishing the abstract froni 
the concrète point of view, and separating the expérimental depart- 
ment from the logical. 

We hâve nothing to do hère with the causes or modes of produc- 
tion of motion, but only with the motion itself. Thus, 
itB chavactera, ^^ ^^ ^^^^ ^^^ treating of Pliysics, but of Mechanic8, 

forces are only motions produced or tendîng to be produced ; an(l 
two forces which move a body with the same velocity in the same 
direction are regarded as identîcal, whether they proceed frora mus- 
cular contractions in an animal, or from a gravitation tovvards a 
centre, or from coHision with another body, or from the elasticity of 
a fluid. ïhis is now practically understood ; but we hear too niucli 
still of the old metaphysical language about /orce^, and the like; 
and ît would be wise to suit our terms to our positive philosophy. 

The business of Kational Mechanics is to détermine how a given 
body will be affected by any différent forces whatever, 
^ "^^ ' acting together, when we know what motion would bo 
produced by any one of them acting alone : or, taking it the other 
way, what are the simple motions whose combination would occasion 
a known compound motion. This statement shows precisely what 
are the data and what the unknown parts of every mechanical 
question. The science bas nothing to do with the action of a single 
force ; for this is, by the terms of the statement, supposed to be known. 
It îs concerned solely with the combination of forces, whether there 
rt^sults from that combination a motion to be studied, or a state of 
equilibrium, whose conditions hâve to be described. 

The two gênerai questions, the one direct, the other inverse, 
which constitute the science, are équivalent in importance, as regards 
their application. Simple motions aie a matter of observation, and 
their combined opération can be understood only through a theory : 
and again, the compound resuit being a matter of observation, the 
simple constituent motions can be ascertained only by reasoning. 
When we see a heavy body falling obliquely, we know what would 
be its two simple movements if acted upon separately by the forces 
to which it is subject, — the direction and uniform velocity which 
would be caused by the impulsion alone ; and again, the accéléra- 
tion of the vertical motion by its weight alone. The problem is to 
discover thence the diflferent circumstances of the compound move- 
ment produced by the combination of the two, — to détermine the 
path of the body, its velocity at eacli moment, the time occupied 
in falling; and we might add to the two given forces the résistance 
of the médium, if its law was known. The best example of the 
inverse problem is found in celestial mechanics, where we bave to 
détermine the forces which carry the planets round the sun, and the 
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i^atellites round the planets. We knôw îmmedîately only the cora- 
pound movement : Kepler*s laws give us the characteristics of the 
movement ; and then we hâve to go back to the elementary forces 
by which the heavenly bodies are supposed to be impelled, to cor- 
i-espond with the observed resuit : and thèse forces once understood, 
the converse of the question can be managed by geometers, who 
could never hâve mastered ît in any other way. 

Such beîng the destination of Mechanics, we must now notice its 
f nndamental principles, after clearing the ground by a preparatory 
observation. 

In ancient tîmes, raen conceîved of matter as beîng passive or 
înert, — ^all activity being produced by some external Matter v^t in- 
agency, — eitlier of supernatural beings or some meta- «'"* *«- Physics. 
l)hysîcal entities. Now that science enables us to view thîngs more 
iruly, we are aware that there is some movement or activity, more 
or less, in ail bodies whatever. ïhe différence is merely of degree 
between what men call brute matter and animated beings. More- 
over, science shows us that there are not différent kinds of matter, 
but that the éléments are the same in the most primitive and the 
most highly organized. If we knew of any substance which had 
nothing but weight, we could not deny activity even to that ; for in 
falling it is as active as the globe itself, — attracting the earth's par- 
ticles precisely as much as its own particles are attracted by the 
earth. Looking through the whole range of substances, up to those 
of the highest organization, we find everywhere a spontaneous 
activity, very varions, and at most, in some cases, peculiar ; though 
physiologists are more and more disposed to regard the most pecu* 
liar as a modification of antécédent kinds. However this may be, 
it would be purely absurd now to regard any portion of matter 
whatever as inert, as a matter of fact, or under the head of Physics. 
But in Mechanics it must be so regnrded, because we cannot estab- 
lish any gênerai proposition upon the abstract laws Supposed inert 
of equilibrium or motion without putting ont of the in Mechanics, 
question ail interférence with them by other and inhérent forces. 
What we hâve to bcware of is mixing up this logical supposition 
with the old notion of actual inertia. 

As for how this is to be donc, — we must remember what has been 
just said, — ^that in Mechanics, we hâve nothing to do jrieUof 
with the origin or différent nature of forces; and national 
they are ail one while their mechanîcal opération is Mechanics, 
uniform. It is impossible to conceive of any substance as devoid of 
weight, for instance ; yet geometers hâve logically to treat of bodies 
as without an inhérent power of attraction. They treat of this 
power as an external force ; that is, it is to them simply a force ; 
and it does not matter to them whether it is inhérent or external, — 
whether it is attraction or impulsion, — while it is the fall of the 
body that they hâve to study. And so on, throngh the whole range 
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of propertîes of bodies, When we hâve bo abstracted natural pro- 
pertîes, in our logical view, as to hâve before lia an unmixed case of 
tlie action of certain forces, and hâve ascertaîned their laws, — then 
we can pass from abstract to concrète Mechanics, and restore to 
bodies their natural active properties, and interpret their action by 
what we hâve learned of the laws of motion and equilîbrium. This 
restoratîon is so difiScult to eflfect, — the transition from the abstract 
to the concrète in Mechanics is so dilBScult, — ^that, while its theo- 
retical domain is unlx)unded, its practical application is singularly 
limited. In fact, the application of rational mechanics is limited 
(accurately speaking) not only to celestial phenomena, but to those 
of our own solar System. One would suppose that the single pro- 
perty of weight was manageable enough ; and that of a given form 
intelligible enough: but there are such complications of physical 
circumstances, — as the résistance of média, friction, etc., — even if 
bodies are conceived of as in a fluid state, that their mechanical 
phenomena cannot be estimated with any accuracy. And when we 
l^roceed to electrical and chemical, and especially to physiologîcal 
phenomena, we are yet more baffled. General gravitation affords 
us the only simi)le and determinate lavv ; and even there we are 
perplexed, when we corne to regard certain secondary actions. It 
may be doubted whether questions of terrestrial mechanics will ever 
admit — restricted as our means are — of a study at once pnrely 
rational and precisely accordant with the gênerai laws of abstract 
mechanics, — though the knowledge of thèse laws, primarily indis- 
l)ensable, may often lead us to fréquent and valuable indications 
and suggestions. 

Bodies being supposed inert, the gênerai facts, or laws of motion 

Threeiawê to which they are subject, are three; ail results of 

of motion. observation. 

The first is that law discovered by Kepler, which is inaptly 
called the law o/inertia, According to it, ail motion 

woftn uu .g |.çc|^{iiQeg^|. j^yjj iiniform ; that is, any body impelled 

by a single force will move in a right line, and with an invariable 
velocity. Instead of resorting to the old ways of pronouncing or 
iinagining why it niust be so, the Positive Philosophy instructs us 
10 recognize the simple fact that it w so; that, through the whole 
range of nature, bodies move in a right line, and with a uniform 
velocity, when impelled by a single force. 

The second law we owe to Newton. It is that of the constant 
Law of equaU ^'^^ty of ootion and reactîon; that is, whenever one 
ityof action body is moved by another, the reaction is such that 
and reaction, thesecond loses precisely as much motion, in propor- 
tion to its masses, as the first gains. Whether the movement pro- 
eeeds from impulsion or attraction, is, of course, of no conséquence. 
Newton treated this gênerai fact as a matter of observation, and 
most geometers hâve donc the same ; so that there bas been less 
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fruitless search into tlie wliy with regard to this second law than to 
the first. 

The thîrd fundamental law of motion involves the prîncîple of 
the îndependence, or coexistence of motions, which za^ofeo- 
leads immediately to what is commonly called the existence 
composition 0/ forces, Galileo is, strictly speaking, of motions, 
the true discoverer of this law, though lie did not regard it precisely 
imder the form in which it is presented liere : — that any motion 
common to ail the bodîes of any system whatever does not afiFect the 
particular motions of thèse bodies with regard to each other; which 
motions proceed as if the system were motionless. Speaking strictly, 
we must conçoive that ail the points of the system desciibe at the 
same time parallel and eqnal straight Unes, and consider that this 
gênerai motion, whatever may be its velocity and direction, will not 
afFect relative motions. No à priori considérations can enter hère. 
There is no seeing why the fact should be so, and therefore no an- 
ticipating that it would be so. On the contrary, when Qalileo stated 
this law, he was assailed by a host of objections that his fact was 
logically impossible. Philosophers were ready with plenty of à 
priori reasons thatit could not be true: and the fact was not unani- 
mously admitted till men had quitted the logical for the physical 
point of view. We now find, however, that no proposition in the 
whole range of natural philosophy is founded on observations so 
simple, so varions, so multiplied, so easy of vérification. In fact, 
the whole economy of the universe would be overthrown, from end 
to end, but for this law. A ship impelled smoothly, without roUing 
and pitching, has everything going on within it just the same as if 
it were at rest ; and, in the same way, but on the grandest scale, 
the great globe itself rushes through space, without its motion at 
allaffecting the movemetits going on on its surface. As we ail 
know, it was ignorance of this third law of motion which was the 
main obstacle to the establishment of the Copernican theory. The 
Copernicans struggled to get rid of the insurmountable objections to 
which their doctrine was lîable by vain metaphysical subtleties, till 
Galileo cleared up the difficulty. Since his time, the movement of 
the globe has been considered an all-sufEcient confirmation of the 
law. Laplace points ont to us that if the motion of the globe 
affected the movements on it, the effect could not be uniform, but 
must vaiy with the diversities of their direction, and of the angle 
that each direction would make with that of the earth : whereas, 
we know how invariable is, for instance, the oscillating movement 
of the pendulum, whatever may be its direction in comparison with 
that of the travelling globe. 

It may be as well to point ont that rotary motion does not enter 
into this case at ail, but only translation, because the latter is the 
only motion which can be, in degree and direction, absolutely com- 
mon to ail the parts of a System. In a rotating system, for instance, 
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ail tlie parts arenot atanequal distance from tlie centre of rotatîon. 
When the interior of a ship is afiFected, it is by the rolling and 
pitching, which are rotary movements. We may carry a watch 
any dislance without affecting ils interior movements ; but it will 
not bear whirling. 

And, again, the forward motion of the globe could be discovered 
by no other means than astronomical observation ; whereas, the 
changes which occur on the surface of the earth, produced by the 
inequality of the centrifugal force at îts différent points, are suffi- 
cient évidence of its rotaftion, independently of ail astronomical 
considérations whatever. 

The law or rule of the composition of forces, which is învolved in 
the gênerai fact just stated, is, in fact, identical with it. It is only 
another way of expressing the same law. If a single impulsion 
describes a parallelogram of forces, as the scîentific term is, the 
effect of a second will be to describe the diagonal of the paral- 
lelogram. This is nothing more than an application of the law of 
the independence of forces ; since the motion of any body along a 
^^traight Une is in no way disturbed by a gênerai motion which car- 
ries away, parallel with itself, the whole of this right line along any 
other right line whatever. This considération leads immedîately to 
the geometrical construction expressed by the rule of the parallelo- 
gram of forces. And thus it appears that this fundamental theorem 
of Kational Mechanics is a true natural law ; or, at least, a direct 
application of one of the greatest natural laws. And this is the best 
account to give of it, instead of looking to logîc for a fallacious à 
priori déduction of it. Any analytical demonstratioh, too, must 
suppose certain portions of the case to be évident ; and to talk of a 
thing being évident is to refer back to nature, and to dépend on 
observation of nature. 

It is worthy of remark that those who wish to make a separate 
law of the composition of forces, in order to avoid introducing the 
thîrd law into the prolegomena of Mechanics, and to dispense with 
it in the exposition of Statics, are brought back to it when entering 
upon the study of Dynamics. Upon this alone can be based the 
important law of the proportion of forces to velocities. The rela- 
tions of forces may be determined either by a statical or dynanaîcal 
procédure. No purpose is answered by the transposition of the 
gênerai fact of the independence of forces to the dynamical depart- 
ment of the science : it is equally necessary for the statical ; and a 
world of metaphysical confusion is saved by laying it down as the 
broad basis that in fact it i& 

Thèse three laws are the expérimental basis of the science of 
Mechanics. From them the mind may proceed to the logical con- 
struction of the science, without further référence to the external 
world. At least, so it appears to me ; though I am far from assign- 
ing any à priori reasons why more laws may not be hereafter dis- 
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covered, if thèse three sboiild prove to be incomplète. There capnot, 
in the nature of things, be many more ; and I would raiher incur 
tlie inconvenîence of the introduction of one or two, than run any risk 
of surrendering the positive character of the science and overstrain- 
ing îts logical considérations. We cannot however conceive of any 
case which is not met by thèse three laws of Kepler, of Newton, 
and of Gralileo ; and their expression is so précise, that they can be 
immediately treated in the forra of analytical équations easily 
obtained. As for the most extensive, important, and difficult part 
of the science, the mechanics of varied motion or continuons forces, 
we can perceive the possibility of reducing it to elementary 
Mechanics by the application of the infinitésimal method. For 
each infinitely small point of time, we must substitute a uniform 
motion in the place of a varied one, whence will immediately resuit 
the difierential équations relative to thèse varied motions. We 
raay hereafter see what results bave been obtained in regard to the 
îibstract laws of equilibrium and motion. Meantime, we see that 
tlie whole science is founded on the combination of the three 
physical laws just established ; and hère lies the distinct boundary 
between the physical and the logical parts of the science. 

As for its divisions, the first and most important is into Statics 
and Dynamics ; that is, into questions relating to ^ . 

equilibrium and questions relating to motion. Statics divisi<ms. 
are the easiest to treat, because we abstract f rom them Statics and 
the élément of time, which must enter into Dynamical 
questions, and complicate them. The whole of Statics corresponds 
lo the very small portion of Dynamics which relates to the theory 
of uniform motions. This division corresponds well with the facts 
of human éducation in this science. The fine researches of Archi- 
medes show us that the ancients, though far from having obtained 
any complète System of rational Statics, had acquired much essential 
knowledge of equilibrium — both of solids and fluids — while as yet 
wholly without the most rudimentary knowledge of Dynamics. 
Galileo, in fact, created that departmentof the science. 

The next division is that of solids from fluids. This division is 
gênerai ly placed first, but it is unquestionable that 
the laws of statics and dynamics must enter into the cUvisiom^ 
study of solids and fluids, that of fluids requiring the Soiidsand 
addition of one more considération, — variability of 
form. This however is a considération which introduces the 
necessity of treating separately the molécules of which fluids are 
composed, and fluids as Systems composed of an infinity of distinct 
forces. A new ôrder of researches is introduced into Statics, relative 
to the form of the System ia astateof equilibrium ; but in Dynamics 
the questions are still more difficult to deal with. The importance 
and difficulty of the researches under this division cannot be exag- 
gerated. Their complication places even the easiest cases beyond 
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our reacb, except by the aid of extremely preccarious hypolliesea. 
We must admit the vast necessary difficulty of hydrostatics, aud 
yet more of bydrodynamics, ia coraparisori with statics and dy- 
naraîcs, properly so called, whîch are in fact far more advanced. 

Much of tbe difficulty arises from the mathematical statement of 
the question difFering t'rom the natùral facts. Mathematical fluids 
hâve no adhésion between their particles; whereas natural fluids 
bave, more or less ; and many natural phenomena are due to thîs 
adhérence, sraall though it be in comparison with that of solida 
ïhus, the resuit of an observation of the quantity of a gîven 'fluid 
which will run ont of a given orifice will differ widely from the 
resuit of the mathematical calculation of what it should be. Though 
the case of solids is easier, yet there perplexity may be introduced 
by the disrupting action of forces, of which abstraction must be 
made in the mathematical question. The theory of the rupture of 
solids, initiated by Galileo, Huyghens, and Leibnitz, is still in a 
very imperfect and precarious state, great as are the pains whîch 
hâve been taken with it, and much needed as it is. Not so mncli 
needed however as the mechanics of fluids, because it does not affect 
questions of celestial mechanics ; and in this highest departnieut 
alone can we, as I said before, see the complète application of 
rational mechanics. 

There is a gap left between thèse two studies, which should be 
pointed ont, though it is of secondary importance. We waut a 
Mechanics of semi-fluids or semi-solids, — as of sand, în relation to 
solids, and gelatinous conditions of fluids. Some considérations 
hâve been ofFered with regard to thèse " imperfect fluids," as they 
are called ; but their true theory bas never been established iu aiiy 
direct and gênerai manner. 

Such is the gênerai- view of the philosophîcal character of 
Eational Mechanics. We must now take a philosophical view of 
the composition of the science, in order to see how this great second 
department of Concrète Mathematics bas attained the theoretical 
perfection in which it appears in the works of Lagrange, who bas 
rendered ail its possible abstract questions capable of an analytical 
solution, like those of geometry. We must first take a view of 
Statics, and then proceed to Dynamics. 



SECTION I. 

STATICS. 

There are two ways of treating Rational Mechanics, accordîng as 
Cmverse Statics are regarded directly, or as a particular case 

methoda of of Dynamics. By the first method we hâve to dis- 
treatment cover a principle of equilibrium so gênerai as to be 
applicable to the conditions of equilibrium of ail Systems of possible 

N 
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Toices. By the second method, wé reverse the process, — ascertaîning 
what motion wonld resuit from the sîmultaneous action of any pro- 
posed differing forces, and then determining what relations of thèse 
forces would render motion null. 

The first method was the only one possible în the early days of 
science; for, as I hâve said before, Galileo was the First method, 
Creator of the science of Dynamics. Archimedes, the ^^^^» ^ *^V' 
founder of Statics, established the condition of equilibrium of two 
weights suspended at the end of a straight lever; that is, he showed 
that the weights must be in an inverse ratio to their distances from 
the fulcrum of the lever. He endeavoured to refer to this principle 
the relations of equilibrium proper to other Systems of forces ; but 
the principle of the lever is not in itself gênerai enough for such 
application. The varions devices by which it was atterapted to 
extend the process, and to supply the remaining deficiencies, were 
relinquished wlien the establishment of Dynamics second method 
permitted the use of the second method, — of seeking statics througii 
the conditions of equilibrium through the laws of the -^y»«»»«». 
composition of forces. It is by this last method that Varignon dis- 
covered the theory of the equilibrium of a System of forces applied 
upon a single point; and that D'Alembert afterwards established, for 
the first time, the équations of equilibrium of any System of forces 
applied to the différent points of a solid body of an invariable form. 
At this day, this is the method universally employed. At the first 
glance, it does not appear the most rational, — Dynamics being more 
complicated tlian Statics, and precedence being natural to the 
simpler. It would, in fact, be more philosophical to refer dynamics 
to statics, as bas since been done ; but we may observe that it is 
only the most elementary part of dynamics, the theory of uniform 
motions, that we are concerned with in treating statics as a parti- 
cular case of dynamics. The complicated considérations of varied 
motions do not enter into the process at ail. 

The easiest method of applying the theory of uniform motions to 
fitatical questions is through the view that, when forces are in equili" 
hrio, each of them, taken singly, may be regarded as destroying the 
effect of ail the others together. ïhus, the thing to be done is to show 
that any one of the forces of the system îs equal, and directly opposed, 
to the resulting force of ail the rest. The only difiSculty hère is in 
determining the resulting force ; that îs, in mutually compounding 
the given forces. Hère comes in the aid of the tliird great law of 
motion, and having compounded the two first forces, we can deduce 
the composition of any nuraber of forces. 

After having established the elementary laws of the composition 
of forces, geometers, before applying them to the investigation of the 
conditions of equilibrium, usually subject them to an important 
transfftnnation, which, without being indispensable, is of eminent 
utility, in an analytical view, from the extrême simplification which 
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ît introduces into tlie algebraîcal expression of the conditions of 

eqiiilibrîum. The transformation consists in what is 
*^"^^*'' called the theory of Moments^ the essential property 
of whîch is to reduce, analytically, ail the laws of the composition 
of forces to simple additions and subtractions. Without going into 
an examination of this theory, it is necessary sîmply to say that it 
considers statics as a particular case of elementary dynamics, and 
that its value is in the simplicity which it gives to the analytîcal 
part of the process of investigation into the conditions of equilibrium. 
Simple, however, as may be the opération, and great as may be the 
practical advantage gained throngh the treatment of statics as a 
particular case of elementary Dynamics, it would be satisfactory to 

Wantofunity return, if we could, to the method of the ancientg, — 

inthemethod. iq leave Dynamics on one side, and proceed directly 
to the investigation of the laws of equilibrium regarded by îtself, by 
means of a direct gênerai principle of equilibrium. Geometers strove 
after this as soon as the gênerai équations of equilibrium were dis- 
covered by the dynamic method. But a higher motive than even 
the désire to place statics in a more philosophical position impelled 
them to establish a direct Statical method : and this it was which 
caused Lagrange to carry up the whole science of Kational Mechanics 
to the philosophical perfection which it now enjoys, 

D'Alembert made a discovery (to be treated of hereafter), by 
the help of which ail investigation of the motion of any body or 
System might be converted at once into a question of equilibrium. 
ïhis amounts, in fact, to a vast generalization of the second funda- 
mental law of motion ; and ît bas served for a century past as a 
permanent basis for the solution of ail great dynamical questions; 
and it must be so applied more and more, from its high merits of 
simplification in the most difficult investigations. Still, it is clear 
that this method compels a return into statics ; and Statics as in- 
dépendant of Dynamics, which are altogether derived from Statics. 
A science must be imperfectly laid down, as long as it is necessary 
thus to pass backwards and forwards between its two departments. 
In order to establish the necessary unity, and to provide scope for 
D'Alembert's principle, a complète reconstitution of Bational 
Mechanics was indispensable. Lagrange eflfected this in his 
admirable treatîse on * Analytical Mechanics/ the leading conception 
of which must be the basis of ail future labours of geometers upon 
the laws of equilibrium and motion, as we hâve seen that the great 
idea of Descartes is with regard to geometrical spéculation». 

The principle of Virtual Velocities, — the one which Lagrange 

ViHuai selected from amoiig the properties of equilibrium, 

Veiociiies, — ^had been discovered by Galileo in the case of two 

forces, as a gênerai property manifested by the equilibrium of ail 

machines. John Bernouilli extended it to any number of forces, 

çomposing any syslem. Vai-ignon afterwards expressly pointed out 
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the nnîversal use tliat might be made of ît în Statics. The com- 
binatîon of it with D'Alembert's principle led Lagrange to conceive 
of the whole of Bational Mechanics as dedaced from a single funda- 
mental theorem, and to give it that rîgorous unity which is the 
highest philosophical perfection of a science. 

The dearest idea of the System of virtual velocîties may be 
obtained by considering the simple case of two forces, which was 
that presented by Galileo. We suppose two forces balancing each 
other by the aid of any instrument whatever. If we suppose that 
the System should assume an infinitely small motion, the forces are, 
with regard to each other, in an inverse ratio to the spaces traversed 
by their points of application in thepath of their directions. Thèse 
spaces are called virtual velocities, in distinction from the real 
vclocitics which would take place if the equilibrium did not exist In 
this primitive state, the principle, easily verified with regard to ail 
known machines, ofiers great practical utility ; for it permits us to 
obtain with ease the mathematical condition of equilibrium of any 
machine whatever, whether its constitution is known or not. If we 
give the name of virtual momentum (or simply of momentum in its 
primitive sensé) to the product of each force by its virtual velocity, 
—a product wliich in fact then measures the effort of the force to 
move the machine, — we may greatly siraplify the statement of the 
principle in merely saying that, in this case, the momentum of the two 
forces must be equal and of opposite signs, that there may be equili- 
brium, and that the positive or négative sign of each momentum is 
determined according to that of the virtual velocity, which will be 
considered positive or négative according as, by the supposed motion, 
the projection of the point of application would be found to fall 
ii{)on the direction of the force or upon its prolongation. This 
abridged expression of the principle of virtual velocities is especially 
useful for the statement of this principle in a gênerai manner, with 
regard to any System of forces whatever. It is simply this : that 
the algebraic sum of the virtual moments of ail forces, estimated 
according to the preceding rule, must be null to cause equilibrium : 
and this condition must exist distinctly with regard to ail the 
elementary motions which the System might assume in virtue of the 
forces by which it is animated. In the équation, containing this 
principle, furnished by Lagrange, the whole of Rational Mechanics 
may be considered to be implicitly comprehended. 

While the theorem of virtual velocities was conceived of only as 
a gênerai property of equilibrium, it could be verified by observing 
its constant conformity with the ordinary laws of equilibrium, 
otherwise obtained, of which it was a summary, useful by its sim- 
plicity and uniformity. But> if it was to be a f undamental principle, 
a basis of the whole science, it must be underived, or at least cap- 
able of being presented in its preliminary propositions as a matter 
of observation. This was donc by Lagrange, by his ingénions 
démonstration through a System of puUeys. Ile exhibited the 
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theorem of vîrtual velocitîes very easîly by îraaginîng a single 
weîght whîch, by means of pulleys suitiably constructed, replaces 
ftîmultaneously ail the forces of the System. Many other démonstra- 
tions hâve been furnîshed ; but, while more complîcated, they are 
not logîcally superîor. From the philosophîcal point of view it is 
clear that thîs gênerai theorem, being a necessary conséquence of 
the fundamental laws of motion, can be deduced in varions ways, 
and becomes practically the point of departure of the whole of Eational 
Mechanics. A perfect unity having been established by this prîn- 
ciple, we need not look for any others ; and we may rest assured 
tliat Lagrange has carried the co-ordinatîon of the science as far as 
it can go. The only possible object would be to simplify the ana- 
lytical researches to which the science îs now reduced ; and nothing 
can be conceived more admirable for this purpose than Lagrange's 
adaptation of the principle of vîrtual velocities to the uniform 
application of mathematical analysis. 

Striking as is the philosophical eminence of this principle, there 
are dij0S.culties enough in its use to prevent its being considered 
elementary, so far as to preclude the considération of any other in 
a course of dogmatic teaching. It is for this reason that I bave 
referred to the dynamic method, properly so called, whîch is the 
only one in gênerai use at présent. AU other considérations musfc 
however be only provisional. Lagrange's method is at présent too 
new ; but it is impossible that it should for ever remain îu the 
hands of a small number of geometers, who alone shall be able to 
make use of its admirable properties. It must becouie as popular 
in the mathematical world as the great geometrical conception of 
Descartes : and this gênerai progress would be almost accomplished 
if the fundamental ideas of transcendental analysis were as widely 
spread as they ought to be. 

The greatest acquisition, sînce the régénération of the science by 
Th&yryof Lagrange, is the conception of M. Poinsot, — the 
Couples, theory of Couples, which appears to me to be far 
from being snfiSciently valued by the greater number of geometers. 
Thèse Couples, or Systems of parallel forces, equal and contrary, 
had been merely remarked before the time of M. Poînsot, as a sort 
of paradox in Statics. He seized upon this idea, and made it the 
fiubject of an extended and original theory relating to the trans- 
formation, composition, and use of thèse singular groups, which 
hé has shown to be endowed with properties remarkable for their 
generality and simplicity. He used the dynamic method in bis 
study of the conditions of equilibrium : but he presented it, by the 
aid of his theory of couples, in a new and simplified aspect. But 
his conception will do more for dynamics than for statics ; and it 
has hardly yet entered upon its chief ofiSce. Its value will be 
appreciated when it is found to render the notion of the movements 
of rotation as natural, as farailiar, and almost as simple as that of 
forward movemeot or translation. 
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One more considération shoiild, I think, be adverted to before we 
quit the subject of statics as a wbole. Wben we 
study the nature of the équations which express the ti^»inpro^' 
conditions of equilibrium of any systeni of forces, it ^çing equin- 
seems to me not enough to establish that the sum ^^^' 
of thèse équations is indispensable for equilibrium. I think the 
fiirther statement is necessary, — in what degree each contributes 
to the resuit. It is clear that each équation must destroy some one 
of the possible motions that the body vvould make in virtue of 
existing forces ; so that the whole of the équations must produce 
equilibrium by leaving an împossibility for the body to move in 
any way whatever. Now the natural state of things is for move- 
ment to consist of rotation and translation. Either of thèse may 
exist without the other ; but the cases are so extremely rare of their 
being found apart, that the vérification of either is regarded by 
ç^eometers as the strongest presumption of the existence of the other. 
Thus, when the rotation of the sun upon its axis was established, 
every geometer concluded that it had also a progressive motion, 
carrying ail its planets with it, before astronomers had produced 
any évidence that such was actually the case. In the same way we 
conclude that certain planets, travelling in their orbits, rotate round 
their axes, though the fact bas not yet been verified. Some équa- 
tions must therefore tend to destroy ail progressive motion, and 
others ail motion of rotation. How many équations of each kind 
must there be ? 

It is clear tlmt, to keep a body motionless, it must be hindered 
from moving according to three axes in différent planes, — commonly 
siipposed to be perpendicular to each other. If a body cannot 
move from north to south, nor the reverse ; nor from east to west, 
nor the reverse ; nor up, nor down, it is clear that it cannot move 
at ail. Movement in any intermediate direction might be conceived 
of as partial progression in one of thèse, and is therefore impossible. 
On the other hand, we cannot reckon fewer than three îndependent 
elementary motions ; for the body might move in the direction of 
one of the axes, without having any translation in the direction of 
either of the others. Thus we see that, in a gênerai way, three 
équations are necessary, and three are suflScient to establish the 
absence of translation ; each being specially adapted to destroy one 
of the three progressive motions of which the body is capable. 
The same view présents itself with regard to the other motion, — of 
rotation. The mechanîcal conception is more complicated ; but it 
is true, as in the simpler case, that motion is possible in only three 
directions, — in three co-ordinated planes, or round three axes, 
ïhree équations are necessary and sufficient hère also ; and thus 
we hâve six which are indispensable and sufficient to stop ail motion 
whatever. 

When, instead of supposîng any System of forces whatever as the 



102 POSITIVE PHILOSOPHY. 

Bubject of the question, we particularîze any, we get rîd of more or 
fewer possible movements. Having excluded thèse, we may exclude 
also their corresponding équations, retaining only those which relate 
to the possible motions that remain. Thus, înstead of having to 
deal with six équations necessary to equilibrium, there may be only 
three, or two, or even oiie, which it will be easy enough to obtain in each 
case. Thèse remarks may be extended to any restrictions upon 
motion, whether resulting from the spécial constitution of the System 
of forces, or from any other kind of control, affecting the body under 
notice. If, for instance, the body were fastened to a point, so that 
it could freely rotate but not advance, three équations would sufBce: 
and again, if it is fastened to two fixed points, two équations are 
enough ; and even one, if thèse two fixed points are so placed as to 
prevent the body from raoving on the axis between them. Fiually, 
its being attached to three fixed points, not in a right liue, will 
prevent its moving at ail, and establish equilibrium without any 
condition, whatever may be the forces of the System. ïhe spirit of 
this analysis is entirely independent of anjr method by which the 
équations of equilibrium will hâve been obtamed : but the diflferent 
gênerai methods are far from being equally suitable to the applica- 
tion of this rule. The one which is best adapted to it is, undoubtedly, 
the Statical one, properly so called, founded, as bas been shown, on 
the principle of virtual velocities. In fact, one of the characteristic 
properties of this principle is the perfect précision with which it 
analyses the phenomena of equilibrium, by distinctly consîdering 
each of the elementary motions permitted by the forces of the 
System, and furnishing immediately an équation of equilibrium 
specially relâtîng to this motion. 
When we come to the inquiry how geometers apply the princîples 
^ . , of abstract Mechanics to the properties of real bodies, 
tktc^creu we must state that the only complète application yet 
vHththeab- accomplished is in the question of terrestrial gravity. 
8 roc queswn. -j^qw, this is a subject which cannot, logically, be 
treated under the head of Mechanics, as it belongs to Pliysics. It 
is suflScient to explain that the statical study of terrestrial gravity 
becomes convertible into that of centres of gravity ; and that ail 
confusion between the two departments of research would be avoided 
if we accustomed ourselves to class the theory of centres of gravity 
among the questions of pure geometry. In seeking the centre of 
gravity as (according to the logîcal dénomination of the ancient 
geometers) the centre of mean distances, we remove ail traces of 
the mechanical origin of the question, and couvert it into this pro- 
blem of gênerai geometry : — Given, any System of points disposed 
in a determinate way with regard to each other, to find a point 
whose distance to any plane shall be a mean between the distances 
of ail the given points to the same plane. — The abstraction of ail 
considération of gravity is an assistance in every way. The simple 
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geometrîcal îdea is precîsely whàt we want în most o£ tlie principal 
théories of Eational Mechauics, and especially when vve coritemplale 
the grcat dynamic propertics of the centre of mean distances ; in 
which study the idea of gravity becomes a mère encumbrance and 
perplexity. It îs tnie tliat, by proceeding thus, we excludc the 
question from the domain of Mechanics, to place it in that of Geo- 
metry. I should bave so classed it but for an unwillingness to 
break in upon establiehed customs. However it raay be as to the 
matter of arrangement, it îs highly important for us not to misap- 
prehend the true nature of the question. — The intégral calculus 
offers the means of surmounting those difficulties in determining 
the centre of gravity which are imposed by the conditions of the 
question. But, the intégrations in tliis case being more complicated 
than those to which they are analogous, — those of quadratures and 
cubatures, — theîr précise solution is, owing to the extrême imper- 
fection of the intégral Calculus, much more rarely obtained. It 
is a matter of high importance, however, to be able to introduce 
the considération of the centre of gravity into gênerai théories of 
analytical mechanics. 

Such is, then, the relation of terrestrial gravitation to the science 
of abstract Statics. As for universal gravitation, no complète study 
bas yet been made of it, except in regard to spherical bodies. What 
we know of the law of gravitation would easily enable us to compute 
the mutual attraction of ail known bodies, if the conditions of each 
body were understood by us : but thîs is not the case. For instance, 
we know nothing of the law of density in the interior of the heavenly 
bodies. It is still true that the primitive theorems of Newton on 
the attraction of spherical bodies are the most useful part of our 
knowledge in this direction. 

Gravity is the only natural force that we are pi*actically concerned 
with in Rational Statics: and we see, by this, how backward this 
science is in regard to universal gravitation. As for the exterior 
gênerai circumstances, such as friction, résistance of média, and the 
like, which are altogether excluded in the establishment of the 
rational laws of Mechanics, we can only say that we are absolutely 
ignorant of the way to introduce them into the fundamental relations 
afforded by analytical Mechanics, because we bave nothing to rely 
on, in w^orking them, but precarious and inaccurate hypothèses, 
unfit for scientific use. 

As for the theory of equilibriuni in regard to fluid bodies, — the 
application which it remains for us to notice, — those EquiUhrium 
bodies must be regarded as either liquid or gaseous. offluida. 

Hydrostatics may be treated in two ways, We may seek the 
laws of the equilibrium of fluids, according to statical 
considérations pi'oper to that class of bodies : or we y ^^^ ^' 
raay look for them among the laws which relate to solids, allowing 
for the new characteristics resulting from fluidity. 
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The first method, being the easîest, was în early tîmes the only 
one employed. ïill a rather récent tîme, ail geometers employée! 
themselves in proposîng statîcal princîples peciiliar to fluîds ; and 
especially with regard to the giand question of the figure of the 
earth, on the supposition that it was once fluid. Huyghens first 
endeavoured to résolve it, taking for bis principle of equilibriura 
the necessary perpendicularity of weight at the free surface of the 
fluid. Newton's principle was the necessary equalîty of weight 
between the two fluid columns going from the centre, — the one to 
the pôle, the other to some point of the equator. Bouguer showed 
that both methods were bad, because, though each was incontest- 
able, the two failed, in many cases, to give the same form to the 
fluid mass in equilibrium. But he, in hîs turn, was wrong in 
beh'eving that the union of the two principles, when they agreed în 
indîcating the samc form, was sufficient for equilibrium. It was 
Clairaut who, in hîs treatise on the form of the earth, first discovered 
the true laws of the case, setting out from the évident considération 
of the isolated equilibrium of any infinitely small canal ; and, tried 
by this crîterion, he showed that the combination requîred by 
Bouguer might take place without equilibrium happening. Several 
great geometers, proceeding on Clairaut's foundation, hâve carried 
on the theory of the equilibrium of fluîds a great way. Maclaurin 
was one of those to whom we owe much ; but it was Enler who 
brought up the subject to its présent point, by founding the theory 
on the principle of equal pressure în ail directions. Observation of 
the statîcal constitution of fluîds indicates thîs as a gênerai law ; 
and it furnishes the requisite équations with extrême facility. 

It was inévitable that the mathematical theory of the equilibrium 

of fluîds should, în the first place, be founded, as we hâve seen that 

it was, on statîcal principles peculîar to this kînd of bodies : for, în 

Lia idê ^arly days, the characteristic différences between solids 

^ ' and fluîds must bave appeared too great for any geo- 

meter to think of applyîng to the one the gênerai princîples appro- 

priated to the other. But, when the fundamental 
laws of hydrostatics were at length obtained, and 
men*s mînds were at leîsure to estîmate the real diversity between 
the théories of fluîds and of solids, they could not but endeavour to 
attach them to the same gênerai principles, and perceive the neces- 
sary applîcnbilîty of the fundamental rules of Statîcs to the equili- 
brium of fluîds, making allowance for the attendant variability of 
form. But, before hydrostatics could be comprehended under 
Statîcs, it was necessary that the abstract theory of equilibrium 
should be made so gênerai as to apply directly to fluîds as well as 
solids. Thîs was accomplîshed when Lagrange supplied, as the 
basis of the whole of Ratîonal Mechanics, the single principle of 
Virtual Velocities. One of its most valuable properties is its being 
as directly applicable to fluîds as to solids. From that tîme, Hydro- 
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statîcs, ceasîng to be a nattiral branch of scieDce, bas taken îts place 
as a secondary division of Statics. ïhis arrangement bas not y et 
been familiarly admitted ; but it must soon become so. 

To see how the prînciple of Virtual Velocities may lead to tbe funda- 
mental équations of the eqnilibrium of fluids, we bave to consider 
that ail that such an application requires, is to introduce among the 
forces of the System under notice one new force, — the pressure exerted 
upon each molécule, which will introduce one term more into the 
gênerai équation. Proceeding thus, the three gênerai équations of 
the equiKbrium of fluids, employed when hydrostatics was treated 
as a separate branch, will be immediately reached. If the fluid be 
aliquid, wemust bave regard to the condition of incorapressibility, — 
of change of form without change of volume. If the fluid be gaseous, 
Ave must substitute for the incompressibility that condition which 
subjects the volume of the fluid to vary according to a determinate 
function of the pressure ; for instance, in the inverse ratio of the 
pressure, according to the physical law on which Mariette bas 
fonnded the whole Mechanics of the gases. We know but too little 
yet of thèse gaseous conditions ; for Marîotte's law can at présent 
be regarded only as an approximation, — sufficîently exact for 
average circumstances, but not to be rigorously applied in any case 
whatever. 

Some confirmation of the philosophîcal character of thîs method 
of treating hydrostatics arises from its enabling us to pass, almost 
insensibly, from the order of bodies of invariable form to that of the 
most variable of ail, through intermediate classes, — as flexible and 
elastic bodies, — ^whereby we obtain, in an analytical view, a natural 
filiation of subjects. 

We hâve seen how the department of Statics bas been raîsed to 
that high degree of spéculative perfection which transforms its 
questions into simple problems of Mathematical Analysis. We 
must now take a similar review of the other department of gênerai 
Mechanics, — that more extended and more complicated study which 
relates to the laws of Motion» 



SECTION IL 

DYNAMICS. 

The object of Dynamics is the study of the varîed motions pro- 
duced by continuons forces, The Dy nam ics of varîed . 

motions or continuons forces includes two départ- '^ 

ments, — the motion of a point, and that of a body. From the 
positive point of view, this means that, in certain cases, ail the parts 
of the body in question hâve the same motion, so that the détermina- 
tion of one particle serves for the whole ; while in the more gênerai case, 
each particle of the body, or each body of the System, assuming a 
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distinct motion, it is nécessary to examine thèse différent effects, 
and the action npon tbem of the relations belongîng to the System 
under notice. ïlie second theory being more complicated than the 
first, the first is the one to begîn with, even if both are deduced from 
the same principles. 

With regard to the motion of a point, the question is to détermine 
the circumstauces of the compound curvihnear motion, resulting 
from the simultaneous action of différent continuons forces, it being 
known what would be the rectilinear motion of the body if înfluenced 
by any one of thèse forces. Like every other, this problera admits 
of a converse solution. 

But hère intervenes a preliminary theory, which must be noticed 
The(yry of recti' before either of the two departments can be entered 
linear motion, upon. This theory is popularly called the theory of 
rectilinear motion, produced by a single continuons force acting înde- 
finitely in the same direction. It may be asked why we want this, 
after having said that the effect of each separate force is supposed to 
be known, and the effect of their union the thing to be sought The 
answer to this is, that the varied motion produced by each continu- 
ons force may be defined in several ways, which dépend on each 
other, and which could never be given simultaneously, though each 
may be separately the most suitable; whence results the necessity 
of being able to pass from any one of them to ail the rest. The 
preliminary theory of varied motion relates to thèse transformations, 
and is therefore inaptly termed the study of the action of a single 
force. ïhese différent équivalent définitions of the same varied 
motions resuit from the simultaneous considération of the three 
distinct but correlated functions which are presented by it, — space, 
velocity, and force, conceived as dépendent on time clapsed. ïaking 
the most extended view, we may say that the définition of a varied 
motion may be given by any équation containing at once thèse four 
variables, of which only one is independent, — time, space, velocity, 
and force. The problem will consist in deducing from this équation 
the distinct détermination of the three characteristic laws relating 
to space, velocity, and force, as a f unction of time, and, consequently, 
in mutual corrélation. This gênerai problem is always reducible to 
a purely analytical researclï, Jby the help of the two dynamical for- 
mulas which express, as a funçtion of time, velocity and force, when 
the law of space is supposed to be known. The infinitésimal metliod 
leads to thèse formulas with the utmost ease, the motion being con- 
sidered uniform during an infinitely small interval of time, and as 
uniformly accelerated during two consécutive intervais. Thence the 
velocity, supposed to be constant at the instant, according to the 
first considération, will be naturally expressed by the differential of 
the space, divided by that of the time ; and, in the same way, the 
continuons force, according to the second considération, will evi- 
deutly be measurçd by the relation between the infinitely small 



THEORY OF RECTILINEAR MOTION. 107 

iîîcrement of the velocîty, and the time employed in producîng tliis 
incrément 

Lngrange's conception of transcen dental analysîs excludîng him 
from this use of the infinitésimal method for the establishment of 
the two foregoing dynamic formulas, ho was led to présent this 
theory under another point of view, more important than seems to be 
generally supposed. In his Theory. of Analytical Fonctions, he bas 
shown that tliis dynamic considération really consists in conceiving 
any varied motion as compounded, each moment, of a certain 
uniform motion and another motion uniformly varied, — likening it 
to the vertical motion of a heavy body under a first impulsion. 
Lagrange bas not given its due advantage to this conception, by 
(leveloping it as he might hâve done. In fact, it supplies a com- 
plète theory of the assimilation of motions, exactly like the theory 
of the contacts of curves and surfaces, in the department of 
geometry. Like that theory, it removes the limits within which we 
supposed ourselves to be confined, by disclosing to us, in an abstract 
way, a much more perfect measure of ail varied motion than we 
obtain by the ordinary theory, though reasons of convenience 
compel us to abide by the method originally adopted. 

The first case or department of rational dynamics, — that of the 
motion of a point, or of a body which bas ail its points Motion of 
or portions affected by the same force, — relates to the ^ poinu 
Btudy of the curvilinear motion produced by the sîmultaneous 
action of any difierent continuous forces. This case divides itself 
again into two, — ^according as the mobile point is free, or as it is 
compelled to move in a single curve, or on a given surface. The 
fundamental theory of curvilinear motion may be established in 
either case, in a dîfi*erent way ; each being susceptible of direct 
treatment, and of being connected with the other. In the first 
case, in order to deduce the second, we bave only to regard the 
active or passive résistance of the prescribed curve or surface as à 
new force to be added to the others proposed. In the other way, 
we hâve only to consider the moving point as compelled to describe 
the curve which it must traverse ; and this is enough to afford the 
fundamental équations, though this curve may then be primitively 
uoknown. 

The other, more real and more dîflScult case, is that of the 
motion of a System of bodies in any way connected. Motion of 
whose proper motions are altered by the conditions ^ system, 
of their connection. There is a new elementary conception about 
the measurement of forces which some geometers déclare to be 
logically deducible from antécédent considérations, and to which 
they would assign the place and title of a fourth law of motion. 
For the sake of convenience we may raake it into a fourth law of 
motion ; but such is not its philosophical character. The idea is, 
that forces which impress the same velocîty on dififerent masses are 
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to each other exactly as those masses ; or, in other words, that tlie 
forces are proportîonal to the masses, as we hâve seen them, under 
the third law of motion, to be proportîonal to the velocities. AU 
phenomena, such as the communication of motion by collision, or 
in any other way, hâve tended to confirm the supposition of this 
new kind of proportion. It evîdently results from this, that when 
we hâve to compare forces which impress différent velocities on un- 
equal masses, each must be measured according to the product of 
the mass upon which it acts by the corresponding velocity. This 
product îs called by geometers quantiiy of motion ; and it déter- 
mines the percussion of a body, and also the pressure that a body 
may exercise against any fixed obstacle to its motion. 

Proceeding to the second dynamical case, we see that the 
characteristic difficulty of tliis order of questions consists in the way 
of estimating the connection of the différent bodies of the System, in 
virtue of which their mutual reactions will necessarily affect the 
motions which each would take if alone ; and we can hâve no à 
priori knowledge of what the altérations will be. In the case of 
the pendulum, for instance, the particles nearest the point of 
suspension, and those furthest from it, must react on each other by 
their connection, — the one moving faster and the other slower than 
if they had been free ; and no established dynamic principle exists 
revealing the law which détermines thèse reactions. Geometers 
naturally began by laying down a principle for each particular case ; 
and many were the principles thus offered, which turned out to be 
only remarkable theorems furnished simultaneously by fundamental 
dynamic équations. Lagrange bas given us, in his 'Analytical 
Mechanics,* the gênerai history of this séries of labours : and very 
interesting it is, as a study of the progressive mardi of the human 
D'Aîembert's intellect. Thîs mcthod of proceeding continued till 
principle, the time of D'Alembert, who put an end to ail thèse 
îsolated researches by seeing how to compute the reactions of the 
bodies of a System in virtue of their connection, and establishîng 
the fundamental équations of the motion of any System. By the 
aid of the great principle which bears his name, he made questions 
of motion merge in simple questions of equilibrium. The principle 
is simply this. In the case supposed, the natural motion clearly 
divides itself into two, — the one which subsists and the one which 
lias been destroyed. By D'Alembert's view, ail thèse last, or, in 
other words, ail the motions that bave been lost or gained by the 
différent bodies of the System by their reaction, necessarily balance 
each other, under the conditions of the connection which charac- 
terizes the proposed System. James Bernouilli saw this with regard 
to the particular case of the pendulum ; and he was led by it to 
form an équation adapted to détermine the centre of oscillation of 
the most simple System of weight. But he extended the resource 
no further ; and what lie did detracts nothing from the crédit o£ 
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D'Alemtert's conception, the excellence of whicli consîists în îts 
entire generalîty. 

In D'Alembert's liands tlie prîncîple seemed to hâve a purely 
logical character. But its germ raay be recognîzed in the second 
law of motion, established by Newton, under the nanie of tlie 
equality of reaction and action. They are, in fact, the same, with 
regard to two bodies only acting upon each other in the line which 
connects them. The one is the greatest possible generalization of 
the other ; and this way of regarding it brings ont its true nature, 
by giving it the physical character which D'Alembert did not 
impress iipon it, Henceforth therefore we lecognize in it the second 
law of motion, extended to any number of bodies connected in any 
manner. 

We see how every dynamical question is thns convertible înto 
one of Statîcs, by formîng, in each case, équations of eqnilibrium 
between the destroyed motions. But then cornes the difiSculty of 
making out what the destroyed motions are. In endeavouring to 
get rid of the embarrassing considération of the quantities of motion 
lost or gained, Euler, above others, lias supplied us with the method 
most suitable for use, — that of attributîng to each body a quant ity 
of motion equal and contrary to that which it exhibits, it being 
évident that if such equal and contrary motion could be imposed 
upon it, equilibrium would be tlie resuit. This method contemplâtes 
only the primitive and the actual motions which are the true éléments 
of the dynamic problem, — the given and the unknown ; and it is 
under this method that D'Alembert's principle is habitually con- 
ceived of. Questions of motion being thus reduced to questions of 
equiUbrium, the next step is to combine D'Alembert*s principle 
with that of virtual velocities. This is the combination proposed 
by Lagrange and developed în his ' Analytical Mechanics,* 
which has carrîed up the science of abstract Mechanics to the hîgh- 
est degree of logical perfection, — that is, to a rigorous unit}'. AU 
questions that it can comprehend are brought under a single prin- 
ciple, through which the solution of any problem whatever ofFers 
ouly analytical difficulties. 

D'Alembert immediately applied his principle to the case of fluîds 
— liquid and gascons, which evidently admit of its use as well as 
solids, their peculîar conditions being considered. The resuit was 
OUI* obtaîning gênerai équations of the motion of fluids, wholly 
unknown before. The principle of virtual velocities rendered this 
perfectly easy, and again left nothing to be desired, in regard to 
concrète considérations, and presented none but analytical diifi- 
culties. We must admit however that our actual knowledge 
obtained under this theory is extremely imperfect, owing to insur- 
mountable difficulties in the intégrations required. If it was so in 
questions of pure Statics, much more must it be so in the more 
complex dynamical questions. The problem of the flow of a gravi- 
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tating liquîd through a gîven orifice, simple as ît appeai%has never 
yet been resolved. To simplify as far as they could, geometers 
hâve had recourse to Daniel Bernouilli's hypothesîs of the parallelism 
of sections, whîch admits of our considering motion in regard to 
horizontal laminse instead of particle by particle. But this method 
of consideringeach horizontal lamina of a liquid as moving altogetber, 
and taking the place of the foUowing, is evidently contrary to the 
fact in almost ail cases. The latéral motions are whoUy abstracted, 
and their sensible existence imposes on us the necessity of studyîng 
the motion of each particle. We must then consider the science 
of hydrodynamics as being still in its infancy, even with regard 
to liquids, and much more with regard to gases. Yet, as the 
fundamental équations of the motions of fluids are irreversîbly 
established, it is clear that what remains to be accomplished is 
in the direction of mathematical analysiis^ alone. 

ê 

Such is the Method of Bational Mechanics. As for the great 

theoretical results of the science, — the principal 

^ ' gênerai properties of equilibrium and motion thus 

far discovered, — they were at first taken for real principles, each 

being destined to furnish the solution of a certain order of new 

problems in Mechanics. As the systematic character of the science 

has come out, however, thèse supposed principles bave shown 

staticai themselves to be mère theorems, — necessary results 

iheoretM, of the fundameutal théories of abstract Statics and 

Dynamics. 

Of thèse theorems, two belong to Statics. The most remarkable 
is that discovered by Torricelli with regard to the 

awof repose, gq^jjjbrium of heavy bodies. It consists in this; 
that when any System of heavy bodies is in a situation of equilibrium, 
its centre of gravity is necessarily placed at the lowest or highest 
possible point, in comparison with ail the positions it might take 
under any other situation of the System. — ^Maupertuîs afterwards, 
by his workirig out of his Law of repose, gave a large generalization 
to this theorem of Torricelli's, which at once became a mère parti- 
cular case under that law ; Torricelli's applying merely to cases of 
terrestrial gravitation ; while that of Maupertuis extends through- 
out the whole sphère of the great natural attractive forces. 

The other gênerai property relating to equilibrium may be 

staUiity and ^egarded as a necessary complément of the former. 

instabUityof It cousists in the fundamental distinction between 

equilibrium, ^hc cases of stability and instability of equilibrium. 
There being no such thing in nature as abstract repose, tne term is 
applied hère to that state of stable equilibrium which exists where 
the centre of gravity is placed as low as possible ; while unstable 
equilibrium is that which is popularly called equilibrium ; and it 
exists when the centre of gravity is placed as high as possible. 
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ManpertuiVs theorem consîsted in this, — that the situation of 
equilibrîum of any system is always that in which the sum of vires 
vivœ (active forces) is a maximum or a minimum ; and the one under 
notice, developed by Lagrange, consists in this, — that in any System 
eqnilibrium is stable or unstable according as the sum of vires vivœ 
is a maximum or a minimum. Observation teaches the facts in the 
most simple cases ; but it requires a large theory to exhibit to 
geometers that the distinction is equally applicable to the most 
corapound Systems. 

Proceeding to the theorems relative to dynamics, the most direct 
way of establishing them is that used by Lagrange, — exhibiting 
them as immédiate conséquences of the gênerai équation of dynamics, 
deduced ïrom the combination of D'Alembert's prin- Dpnamicai 
ciple with the princîple of virtual velocities. The theorems. 
first theorem is that of the conservation of the motion of the centre 
of gravity, discovered by Newton. Newton showed that the mutual 
action of the bodies of any system, whether of attrac- ^ 

.. . 1 , "f, •' ii'ijj. Conservation 

tiOD, impulsion, or any other, — ^regard bemg had to of the motion 
the constant equality between action and reaction, of the centre 
— cannot in any way affect the state of the centre of ^J^^'^^* 
gravity ; so that if there were no accelerating forces besîdes, and if 
the exterîor forces of the system were reduced to instantaneous 
forces, the centre of gravity would remain immovable, or would 
move uniformly in a right line. D'Alembert generalized this 
property, and exhibited it in such a form that every case in which 
the motion of the centre of gravity has to be considered may be 
treated as that of a single molécule. It is seldom that we form an 
idea of the entire theoretîcal generality of such great results as 
those of rational Mechanics. We think of them as relating to 
inorganic bodies, or as otherwîse eircumscribed ; but we cannot too 
carefully remember that they apply to ail phenomena whatever; 
and in virtue of this universality alone are the basis of ail real 
science. 

The second gênerai theorem of dynamics is the principle of areas, 
the first perception of which is attributable to Kepler. Prindpie 
lu its simplest form it is this ; that if the accélérât- of areas. 
ing force of any molécule tends constantly towards a fîxed point, 
the vector radius of the moving body describes equal areas in eqnal 
times round the fîxed point ; so that the area described at the end 
of any time increases in proportion to the time : and the reciprocal 
fact is clear, — that the évidence of the areas and the times proves 
the action upon the body of a force directed towards the fixed point. 
This discovery of Kepler*s is the more remarkable for having been 
made before dynamics had been really created by Galileo. Its 
importance in astronomy we shall see hereafter. But though, in 
its simplest form, it is one of the bases of celestîal Mechanics, it 
is, in fact, only the simplest particular case of the great gênerai 
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tlieorem of areas, exliîbîted în the middie of the last century by 
D' Arcy , Daniel Bernouilli, and Euler. Kepler s discovery related only 
to ibe motion of a point, while the later one refers to the motion of 
any System of bodies, acting on each otlier in any manner whatever ; 
which constitutes a case, not only more complex, but difiTerent, on 
account of the mutual actions involved. It yields proof, however, 
Ihat though the arca described by the vector radius of each molé- 
cule may be altered by reciprocal actions, the sum of the areas 
described will remain invariable in a given time, and will increase 
therefore in proportion to the time. As the theorem of the centre 
of gravity détermines ail that relates to motions of translation» this 
détermines ail that relates to motions of rotation : and. the two 
together are sufficient for the complète study of the motion of any 
System of bodies, in either direction. And hère comes in the 
facility afforded by M. Poinsot's conception — referred to under the 
head of Statics. By substituting for the areas or momentum of 
the geometers, the couples engendered by the proposed forces, a 
philosophical completeness is given to the theory, and a concrète 
value, and proper dynamic direction, to what was befora a simple 
geometrical expression of a part of the fundamental équations of 
motion. 

Laplace elicited from the theory of areas that dynamic property 
Theinvari- wlîich hc called tlic invariable plane, the consider- 
abu plane, ation of which is highly imporfcint in celestial 
mechanics. It is in the study of astronomy that the importance 
fully appears of the détermination of a plane, whose direction is 
unafFected by the mutual action of différent bodies in our own solar 
System ; for we thus obtain a point of référence, a necessarily fîxed 
term of comparison, by which to eslimate the variations of the 
heavenly bodies. We are far from having yet attained précision 
in the détermination of the situation of this plane ; but this does 
not impair the character of the theorem in its relation to rational 
Mechanics. Agaiu, we are indebted to Poinsot, who, by simplify- 
ing, lias once more extended the process to which bis method is 
applied : and he bas repaired an important omission made by Lap- 
lace, in taking into the account the smaller areas described by 
satellites, and their rotation, and that of the sun itself ; whereas 
Laplace bas attended only to the larger areas described by the 
planets in their course round the sun. 

Finally, there are Euler*s theorems of the Tnoment of inertia. 
Moment of and the pri7icipal axes, which are among the most 
inertia, important gênerai results of rational Mechanics. By 

PHncipaiaxes. means of these we are able to arrive at a complète 
analysis of the motion of rotation. — By means of ail the theorems 
just touched upon, we are put in the direct way to détermine 
the entire motion of any body, or System of bodies whatever. — 
Besides them, geometers bave discovered some which are less 
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p;eTieral, but, ihoutçli by no means îadispensable, yet very îrapoitaut 
iVoni the simplification they introduce into spécial researclies. 
Stiidents will recognize their functîons, wlien their mère nanies are 
presented ; which is ail ihat our space allows : — I refer to the 
tlieorem of the conservation of active forces, — sîngularly important 
in its applications to industrial Mechanics : the theorem, iraproperly 
called the princtple of tlie least action, as old as Ptolemy, who 
observed that reflected light takes the shoitest way from one point 
to another, — ^an observation which was the basis of Maupertuis's 
discovery of this property : and lastly, a theoiem not usually classed 
with the foregoing, yet worthy of no less esteem, — the theorem of 
tlie coexistence of small oscillations^ of Daniel Bernouilli. This 
discovery is as important in its physical as its logical bearings ; and 
it explains a multitude of facts which, clearly known, could not be 
refeired to their principles. It consists in showing that the infinitely 
sraail oscillations caused by the return of any System of forces to a 
state of stable equilibrium coexist without interférence, and can be 
treated separately. 

This référence to the principal gênerai theorems hitherto .dîs- 
covered in Kational Mechanics concludes our review of the second 
Lranch of Concrète Mathematics. 

As for our review of the whole science, I wish I could better hâve 
communicated my own profound sensé of the nature ^ . . 
ot this immense and admirable science, which, the 
necessary basis of the whole of Positive Philosophy, constitutes the 
most unquestionable proof of the compass of the human intellect. 
But I hope that those who bave not the misfortune to be wholly 
ignorant of this fundamental science may, according to the process 
of thought which I bave indicated, attain some clear idea of its 
philosophical character. 

To préserve complète the philosophical arrangement of Mathe- 
matics in its présent state, I ought to consîder hère a third branch 
of Concrète Mathematics ; — the application of analysis to thermo- 
logical phenomena, according to the discoveries of Fourier. But, 
to avoid too great a breach of customary arrangement, I hâve 
reserved the subject, and shall place ïhermology among the 
departments of Physics. 

Mathematical philosophy beîng now completely characterîzed, we 
slmll proceed to examine its application to the study of Natural 
Phenomena, in their varions orders, ranked according to llieir 
degree of sîmplicity. By this character alone can they cast liglit 
back agaîn upon the science which explains them ; and under this 
cliaracter alone can they be suitably estimated. According to the 
natural order laid down at the beginning, we now proceed to that 
class of phenomena with which Mathematics is most concerned, — 
the phenomena of Asïhonomy. 
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CHAPTER I. 

GENERAL VIEW. 

It is easy to describe clearly the character of astronomical ficîence, 

from its being thoroughly separated, in our lime, frora 
ail theologîcal and metaphysical influence. Lookîng 
at the simple facts of the case, it is évident that though thi'ee of our 
censés take cognizance of distant objecte, only one of the three per- 
seives the stars. The blînd conld know nothing of tliem ; and we 
who see, after ail our préparation, know nothing of stars hidden by 
distance, except by induction. Of ail objects, the planets are those 
which appear to us under the least varied aspect. We see how we 
may détermine their forms, their distances, their bulk, and their 
motions, but we can never know anything of their chemîcal or 
mineralogîcal structure ; and, mnch less, that of organized beings 
living on their surface. We may obtain positive knowledge of 
their geometrical and mechanical phenomena; but ail phjsical, 
chemical, pliysiological, and social researches, for which our powers 
fit us on our own earth, are ont of the question in regard to the 
planets. Wliatever knowledge is obtainable by means of the sensé 
of Sight, we may hope to attain with* regard to the stars, whether 
we at présent see the method or not ; and whatever knowledge 
requires the aid of other sensés, we must at once exclude from our 
expectations, in spite of any appearances to the contrary. As to 
questions about which we are uncertain whether they finally dépend 
on Sight or not, — we must patiently wait, for an ascertainment of 
their character, before we can settle whether they are applicable to 
the stars or not. The only case in which this rule will be pronounced 
too severe is that of questions of températures. The mathematical 
therraology created by Fourier may tempt us to hope that, as lie 
has estimated the température of the space in which we move, we 
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raay în tîme ascertain the mean température of the Iieavenly 
bodies: but I regard thîs order of facts as for ever excluded fi-om 
our récognition. We cun never learn theîr internai constitution, 
nor, in re«:ard to some of tliera, how beat is absorbed by tbeir atnios- 
j)liere. Newton's attempt to estimate the température of the cornet 
of 1680 at its perihelion could accompHsh nothing more, even with 
tlie science of our day, than show what would be the .température 
of our globe în the circimistances of tliat cornet We ^ « . . 
may therefore define Astronomy as the science by ^'***^'*- 
wliich we discover the laws of the geometrical and mechanical 
plienomena presented by the heavenly bodies. 

It is désirable to add a limitation which is important, though not 
of primary necessity. The part of the science which ««•/:«• 
we command from what we may call the Solar point 
of view is distinct, and evidently capable of being made complète 
and satîsfactory ; while that which is regarded from the Uni versai 
point of view is in its infancy to us now, and must ever be inimit- 
able to our successors of the remotest générations. Men will never 
compass in their conceptions the whole of the stars. The différence 
is veiy striking now to us who find a perfect knowledge of the solar 
System at our command, while we hâve not obtained the first and 
niost simple élément in sîdereal astionomy — the détermination of 
the stellar intervais. Whatever may be the ultimate progress of 
our knowledge in certain portions of the larger field, it will leave 
113 always at an immeasurable distance from understanding the 
universe. 

Throughout the whole range of science there exists a constant and 
necessary harmony between our needs and our knowledge. We 
shall find this to be true everywhere. Tlie fact is, we need to know 
only what, in some way or other, acts upon us ; and the influence 
which acts upon us becomes, in turn, our means of knowledge. This 
is evidently and remarkably true in regard to Astronomy. It is of 
the bighest importance to us to know the laws of the solar system : 
and we hâve attained great précision with regard to them ; but, if 
the knowledge of the starry universe is forbidden to us, it is clear 
that it is of no real conséquence to us, except as a gratification of 
our curiosity. The interior mechanism of each solar sjstem is 
essentially independent of the mutual action of distant suns ; as it 
raay well be, considering the distance of thèse suns from each other, 
in comparison with the distance of planets from their suns. Our 
tables of astronomical events, constructed in advance, proceed on 
the supposition of there being no other system than our own ; and 
they agrée with our direct observations, precisely and necessarily. 
Tins is our proper field ; and we must reraember that it is so. We 
must keep carefully apart the idea of the solar system and that of 
the universe, and be always assured that our only true interest is in 
the former. Within this boundary alone is astronomy the suprême 
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and positive science that we hâve determînéd it to be; and, în 
fact, the innumerable stars that are scattered tlirough space serve 
us scîentifically only as provîding positions which inay be called 
fixed, with which we may compare the interior movements of our 
System. 

We shall find, as we proceed through the whole gradation of the 
Meansofex' scienco, that the more complex the science, the more 
pioration. varions are the means of exploration ; whereas, it 
does not at ail foUow, as we shall see, that llie completeness of the 
knowledge obtained is in any proportion to the abundance of our 
means. Our knowledge of astronomy is more perfect than that of 
any of the sciences which follow it ; yet in none are our means of 
exploration so few. 

The means of exploration are three : — direct observation ; obser- 
vation by experiment ; and observation by comparîson. In the 
first case, we look at the phenomenon before our eyes; in the 
second, we see how it is modifîed by artificial circumstances to 
which we bave subjected it ; and in the third, we contemplate a 
séries of analogous cases, in which the phenomenon is more and 
more simplified. It is only in the case of organized bodies, whose 
phenomena are extremely difficult of access, that ail the three 
methods can be employed ; and it is évident that in astronomy we 
can use only the first. Experiment is, of course, impossible ; and 
comparison could take place only if we were familiar with abun- 
dance of solar Systems, which is equally ont of the question. Even 
simple observation is reduced to the use of one sensé, — that of sight 
alone. And again, even this sensé is very little used. Reasoning 
bears a greater proportion to observation hère, than in any science 
that follows it; and hence its high intellectual dignity. ïo meas- 
ure angles and compute times are the only methods by which we 
can discover the laws of the heavenly bodies ; and they are enough. 
ïhe few incohérent sensations concerned would be, of themselves, 
very insignificant ; they conld not teach us the figure of the eartb, 
nor the path of a planet. They are combined and rendered service- 

able by long-drawn and complex reasonings ; so 
that we might truly say that the phenomena, how- 
ever real, are constructed by our understanding. The simplicity of 
the phenomena to be studied, and the difficulty of getting at them, 
constitute, by their combination, the eminently mathematical charac- 
ter of the science of astronomy. On the one hand, the perpétuai 
necessîty of deducing from a small number of direct measures, 
whether angular or horary, quantities which are not themselves 
immediately observable, renders the use of abstract mathematics 
indispensable ; while, on the other hand, astronomical questions 
being always, in themselves, problems of geometry, or else of 
mechanics, must fall into the department of concrète mathematics. 
Agaipj the regularity of astronomical forms admits of geometrical 
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treatment ; and the sîmplicîty of astronomîcal movements admîts of 
inechanical treatment with a very hîgh degree of précision. There 
is perhaps no analytical process, no geometrîcal or mechanîcal doc- 
trine which is not employed în astronomical researches, and many of 
ihem hâve as yet had no other aim. Considering the sinaple nature 
of astronomical investigations, and the easy application to them 
of mathematical means, it is évident why astronomy is, by common 
consent, placed at the head of the natural sciences. It deserves 
ihis place, first, by the perfection of its scientific character ; and, 
next, by the prépondérant importance of the laws which ît dîscloses. 

Passing over, for the présent, îtsutility in the raeasiirement of 
lime, the exact description of the globe, and the perfecting of navi- 
gation, which are not circumstances that could détermine its rank, 
we may just observe that it afFords an instance of the necessity of 
the loftiest scientific spéculations to the satisfaction of the most 
ordinary wants. Hipparchus began to apply astronomical theory 
to the finding the longitude at sea. A prodigîous amount of 
geometrical science hàs gone to improve our tables of longitude up 
to their présent point; and îf we cannot now get within half-a- 
dozen miles of a true estimate în the seas under the lîne, it is for 
want of more science still. 

Those who say that science consists în an accumulation of 
observed facts may hère see hovv imperfect is their account of the 
malter. The Chaldeans and Egyptians collected facts from obser- 
vation of the heavens; but there was no astronomical when, it hecame 
science till the early Greek philosophers referred the ** science, 
diurnal movement to geometrical laws. The aim of astronomical 
researches was to establish what would be the state of the sky at 
Forae future time ; and no accumulation of facts could efFect thîs, 
till the facts were made the basis of reasonings. Till the rising of 
tlie 8un, or of some star, could be accurately predicted, as to time 
and place, there was no astronomical science. Its whole progress 
since bas been by introducîng more and more certainty and préci- 
sion into its prédictions, and in using smaller and smaller data from 
direct observation for a more and more distant prévision. No part 
of natural philosophy manifests more strikingly the truth of the 
axiom that ail science Tias prévision for iis end : an axiom which 
séparâtes science from érudition, which relates the events of the 
past, without any regard to the future. 

However impossible may be the aim to reduce the phenomena of 
the respective sciences to a single law, suprême în Réduction to 
each, this should be the aim of philosophers, as it is asînguiaw. 
only the imperfection of our knowledge which prevents îts accom- 
Ijlishment. The perfection of a science is in exact proportion to 
its approach to this consummation ; and, according to this test, 
astionomy distances ail other sciences. Supposing it to relate t<^ 
our solar jBystem alone, the point îs attaîned ; for the single gênerai 
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law of gravitation compreliends the wliole of Us plienoraena. It îs 
to thîs that wc must recur wlien we wieli to sbow wliat \ve inean by 
the explœaaii(m of a phenoraenon, without any inquiiy into its first 
or final cause ; and it is hère that we learn the true character and 
conditions of scientific hypotJiesis^ — no other science having applied 
this powerful instrument so extensively or so usefully. After 
having exhibîted thèse great général propertîes of astronomical 
phîlosopliy, I shall apply them to perfect the philosophical character 
of tlie othér principal sciences. 

Regarding astronomical science, apart from its method, and with 
a view to the natural laws which it discloses, its pre-eminence îs no 
less incontestable, I bave always admired, as a stroke of* pbilo- 
sophic genius, Newton's title of bis treatise on Celestial Mechanics, 
— * The Mathematical Principles of Natural Philosopby ; ' for it 
would be impossible to indicate with a more energetic conciseness 
that the gênerai laws of astronomical phenomena are the basis of 
ail our real knowledore. 

We may see at a glance that astronoray is independent of ail the 
Relation to natural sciences, depending on Mathematics alone: 
orner tciencet. and though, philosophically speaking, we put Mathe- 
matics at the head of the whole séries, we practically regard it less 
as a natural science of itself (from the paucity of phenomena which 
it présents to observation) than as the repository of piinciples by 
which the natural sciences aie interpreted and investigated. Philo- 
sophically speaking, astrouomy dépends on Mathematics alone, 
owing nothing to Physics, Chemistry, or Physiology, which were 
either undiscovered, or lost in theological and metaphysical con- 
fusion, while astronomy was a true science in the hands of the 
ancîent geometers. But the phenomena of the other sciences are 
dépendent, naturally as well as systematically, on astionomical facts, 
and can be perfectly studied only through astronomy. We cannot 
thoroughly understand any terrestrial phenomenon without consider- 
ing what our globe is, and what part it bears in the solar System, 
as its situation and motions affect the conditions of everything upou 
it ; and what would become of our physical, chemical, and phj^sio- 
logical ideas, without considération of the law of gravitation ? In 
the remotest case of ail, that of Social phenomena, it is certain that 
changes in the distance of the earth from the sun, and consequently 
in the duration of the year, in the obliquity of the ecliptic, etc., 
which in astronomy would merely modify some coefficients, would 
largely affect or completely destroy our social development. It is 
no exaggeratîon to say that Social physics would be an impossible 
science, if geometçrs had not shown us that the perturbations of our 
solar System can neverbe more than graduai and restricted oscilla- 
tions round a mean condition which is invariable. If astronomical 
conditions were liable to îndefinite variations, the human existence 
which dépends upon them could never be reduced to laws. 
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Not less important is the influence of astronomîcal science on oui* 
own intelligence. It bas done much more than relieve us fiom 
superstitions terrors and absurd notions about cornets and éclipses, 
— notions wliich, as Laplace observed, would spring up agaîn 
immediately if our astronomy were forgotten. Tliis science bas 
done much more for our understandings tlian tbat. It bas done 
raore than any otber pursuit— simply because it is tbe most scien- 
lific of ail — to expose and destroy the doctrine of final causes, vvhîcb 
is generally regarded by the modems as the basis of every religions 
System, thougb it is in fact a conséquence and not a cause. ïbe 
knovvledge of the motion of tlie earth bas overthrown the very 
foundation of the doctrine, which supposed tbe universe to be 
subordinated to our globe, and tberefore to Man. Since Newton*s 
time, the development of Celestial Mechanics bas deprived theolo- 
gical pbilosophy of its principal intellectual office, by proving tbat 
the order maintained tbroughout our System and tbe vvhole universe 
is by the simple gravitation of its parts. If we took an à 'priori 
view, we should say tbat, as we exist, our System must be such as 
to admit of our existence ; and one necessary condition of this is 
such a degree of stability in our System as we actually find. Tbis 
stabilily wo scicntifically perceive to be a simple conséquence of 
mechanical laws working among tbe incidents of our System, — the 
extremely small planetary bodies in their relation to tlie larger sun; 
the small eccentricity of their orbits, and moderate inclination of 
their planes ; which incidents, again, are necessary conséquences of 
the mode of formation of the entire System. The stabilily by virtue 
of which we bold our existence is not found in the case of cornets, 
whose perturbations are not only great, but liable to indéfini te 
increase ; and their being inhabited is inconceivable. Thus, tbe 
doctrine of final causes would be reduced to the truism tbat tbere 
are no inhabited bodies in our system but those which are habitable. 
This brings us back to the principle of the conditions of existence, 
which is the true positive transformation of the doctrine of final 
causes, and of far superior scope and profit in every way. 

We bave next to consider the divisions of tbe science. Tliese 
nrise immediately out of the fact, now familiar to us, Divisions of 
that astronomical phenomena are either geometrical *^« science, 
or mechanical. Tliey are Celestial Geometry, which îs still called 
Astronomy, from its having possessed a scientifîc character before 
the otber ; and Celestial Mechanics^ of which Newton was tlie 
immortal founder. Thougb our business is with our own system, 
the same division exteuds to Sidereal astronomy, Cciestiai 
supposing that kind of exploration to be within our Oeometry, 
power. As before, we see geometry to be more simple in its pheno- 
mena than mechanics, and that mechanics is dépendent on geometry, 
without reciprocity. In fact, men were successfully inquiring into 
the forms and sizes of the heavenly bodies, and studying their 
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georaetrîcal laws, béfore anythîn^i: wafl known of the forces whîch 
Cdestiai changed their positîona Whereas, the province of 
Méchantes. Celestîal Mechanîcs îs to analyse the motions of the 
stars, in order to refer thera, by the rules of Katîonal Mechanics, to 
the elementary motions regulated by a universal and invariable 
raathematical law ; — thence, again, departing to perfect the know- 
ledge of real motions by scientifically determining them à priori, 
taking from observation the necessary data — the fewest possible — 
for the calciilations of gênerai mechanics. ïhîs is the link by 
which astronomy and physics are connected, and connected so 
closely that some great phenomena render the transition almost 
insensible ; as in the theory of the Tides. But it is évident that 
the whole reality of celestial mechanics consists in its havîng issued 
from the exact knowledge of true movements, fnrnished by celestial 
geometry. It was for want of this point of departure that ail 
attempts before the time of Newton, even Descartes', however valu- 
able in other ways, failed to establish Systems of celestial mechanîcs. 
This division of the science înto two parts bas therefore nothing 
arbitrary in it, nor even scholastic : it is derived from the nature 
of the science, and is at once historical and dogmatîc. As for the 
subdivisions, we need not trouble ourselves with them now. 

In regard to the point of view from whîch the science should be 
regarded, Lacaille thought it would simplify matters extremely to 
place bis observer on the surface of the sun. And so it would, if 
the thîng could be donc in accordance with positive knowledge; 
but undoubtedly the solar station should be the ultimate and not 
the original one, under a rational System of astronomical study. 
And when, as in the case of this work, the object is the analysis of 
the scientific method, and the observation of the logical filiation of 
the leadîng scientific ideas, it matters less to obtain a clearer expo- 
sition of gênerai results than to adhère to the positive method. 

I suppose my readers to be well acquainted with the two funda- 
mental facts of the diurnal and annual rotation of our globe, as data 
without which nothing could be clearly understood of the essential 
methods and gênerai results of astronomical science. I am not 
giving a treatise on astronomy, nor even a summary ; but a séries 
of philosophîcal considérations upon the diflerent parts of the 
science, in which any extended spécial exposition would be mis- 
placed. 

We must first see what methods of observation astronomers need, 
and are possessed of. 
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CHAPTER IL 

JfETHODS Oï STUDY OF ASTRONOMT. 
SECTION I. 

INSTRUMENTS. 

All astronomîcal observation îs, as we hâve seen, comprehended în 
the measurement of times and oF an^jles. The two „ 
considérations concerned m attainmg the great per- 
fection we hâve reached are the perfecting the instruments, and the 
application by theory of certain corrections, without which their 
précision would be misleading. 

ïhe observation of shadows was the first resource of astronomers, 
when the rectîlinear propagation of light was estab- ^^j^. 
lislied. Solar shadows, and also hinar, were very 
vahiable in the beginning ; and much was obtained from the simple 
device of a style, so fîxed as to cast a shadow corresponding with 
the diurnal rotation to be observed : but the altérations rendered 
necessary by the annual motion, and impossible to make on that 
îipparatus, rendered the instrument unfit for précise observations. 
Again, by comparing the length of the shadow cast by a vertical 
style with the height of the style, the corresponding angular 
distance of the sun from the zénith was computed : and a valuable 
method this was : but the penumbra rendered the accurate measure- 
ment of the shadow impossible. The difHculty, aggravated by its 
imequal amount at différent distances from the zénith, was partly 
removed by tlie use of very large gnomons ; but not completely. 
ïhese imperfections determined astronomers to get rid as soon as 
possible of the process of gnomonic measurement. Shadows will 
always be at hand to measure by when better means are wanting : 
and one application of this instrument remains in our observatories, 
—as the basis of the meridian line, regarded as dividing into two 
equal parts the angle formed by the horizontal shadows of the same 
length which correspond to the two équivalent parts of the same 
day. In this case, the penumbra îs harmless, as it affects the 
iwo parts equally ; and as for the obliquity of the sun's motion, 
that may be mainly got rid of by choosing the period of either 
solstice, — especîally the summer one. It is easy, too, to rectify the 
observation by the stars. 
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Proceedîng to more exact methods, and, first, with regard to 
measurement of time, it is clear that the most perfect of ail chrono- 
meters is the sky. It seema as if it would be enougli, after knowing 
precîsely tlie latitude of orie'n observatory, to measure the distance 
of any star froiu the zénith, and learn its horary angle, and, as an 
immédiate conséquence, the time that lias elapsed, by resolving the 
spherîcal triangle formed by the pôle, the zénith, and the star. If 
a sufficiently wide observation of this kind had been made, and 
numerîcal tables formed for certtûn selected stars, great résulta 
raîght hâve been obtaîned from this natural method ; but it is 
insufficient ; and it bas the defect of making the measure of time 
dépend on that of angles, which is the least perfect of the two, in 
our day. ïliis method is therefore used only in the absence of a 
better, as in uautical astronomy ; aud its commonest service is in 
regulating other chronometers, by a comparison with that of the 
heavens themselves. Arlificial methods of measuring time are 
therefore indispensable in astronomy. 

Every phenomenon which exhibits continuons change mîglit 

AHijicua serve, in a rough way, to mark time : varions chemi- 

metiiad^, q,^^] processes, or even the beating of our own puises, 

mîght afford a measure, more or less inaccurate : astronomical 

])henomena are excluded, because they are what we want to 

measure : and we therefore bave recourse to physical means, and 

iind weight the best. The ancients tried it in the form of the flow 

of liquids; and to water clocks succeeded the hour-glass; but the 

uncertainty of thèse led to solids being preferred ; aud in the form 

of weight having a vertical descent. By no care, however, could the 

disturbances caused by natural forces be remedied, till Galileo, by lus 

création of rational dynamics, suggested the |)endulum. Whetlier 

^ ^ , it is or is not correct to assiorn to Galileo the idea of 

usmg the penduhim as a measurer or time, it is cer- 
tain that hîs dîscoverîes suggested it, and that Huyghens enabled 
us to use it. He had recourse to the highest principles of science 
to render this service, and dîscovered the principle of vires vivae, 
which, besides being scientifically indispensable, afForded to art new 
means of modifying oscillations without changing the dimensions of 
the apparatus. Considered as a collection of discoveries for a single 
aim, Huyghens' treatise De Horologio oscillatorio, is perhaps the 
most remarkable example of spécial researches that the history of 
the human mind hasyet exhibited. From that time, the perfecting 
of astronomical clocks became merely a matter of art. In legard to 
fîxed clocks, two things bave to be attended to ; — thé diminution of 
friction, by improved methods of suspension, and the correction by 
a compensating apparatus of irregularitîes caused by variations of 
température. As for portable chronometers, woiked by a spiral 
spring, they are a marvellous invention ; but they belong to the 
province of art, aud not science. 
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In reg^ard to tbe measureinent of angles, ît is clear fhat an instru- 
ment wliich would admit of an allowance for minutes Measurenumi 
and seconds, must be of a size incompatible with min- of angles. 
nte précision. It must alwaya be that large apparatus must be so 
affected in its vveight and température as to be impaired in its 
accuracy. The large télescopes of modem times are intended to 
show us stars otherwise invisible : and no one thinks of using them 
for purposes of précise measurement. It is generally agreed now 
tliat instruments for measuring angles should not be more than ten 
feet in diameter when we are dealing with an entire circle ; and 
they are usually not more than six or seven. The wonder then is 
Iiow we are to estimate angles to a second, as we do every day, with 
circles wliose size would scarcely indicate minutes. It is done by 
ihe concurrent use of three methods, — the eye pièce, the use of the 
vernier (so called after its inventer), and the répétition of angles. 

It was long before it occurred to astronomers to use their lenses 
for any other purpose than the discovery of new objects : but at last 
ifc occurred to them to replace the ancient transoms and modem 
sights by an eye-piece which should secure the advantages without 
tlie inaccuracies of a large instrument. Morin fîrst made this use 
of a lens. Auzout followed with his invention of the reticle ; and, 
a century after, Dollond gave us a power of absolu te précision by 
lus invention of the achromatic object-glass. Verm'er proposed ia 
1631 to divide intervais into parts much more minute than couldbe 
marked. He enabled us to ascertain angles, within half a minute, 
or circles divided only into sixth-parts of a degree. The précision 
obtainable by his simple apparatus is indefinite, being limited only 
by our difficulty in detecting the coincidence of the line of the 
vernier with that of the limb. ïhe union of the third method with 
thèse two gives us the perfection we hâve attained. It is strange 
that we should hâve been so long in perceiving that, the imperfec- 
tion of angular instruments having nothing to do with the dimen- 
sions of the angle to be measured, we should gain much by increasing, 
in fixed proportions, the magnitude of the angles, which is équivalent 
to diminishing the imperfection of the instrument. The répétition 
of angles served every puipose immediately, with regard to terres- 
trial objects, on account of the steadiness of the point of view ; but 
there was the difficulty, with regard to the heavenly bodies, of their 
perpétuai change of place. Borda a})plied himself to measure the 
distance from the zénith of the stars when they crossed the meridian ; 
and the star then remains sensibly at the same distance from the 
zénith long enough to allow the opération of the multiplication of 
the angle. By thèse means, angular instruments are matched with 
horary in regard to précision. They require from the observer a 
diligent patience in applying ail the minute précautions and recti- 
fications which expérience bas proved to be indispensable to the 
fullest use of thèse instruments. 
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Then, we hâve Eôemer s méridional eyeglass, wliich fixes tlie 
instant of the passage of a star over the meridian. The plane of 
the meridian is made in this case purely geometrîcal, by being 
described by the optic axis of a simple eyeglass, properly disposed ; 
wliich is enough when ail we want to know is the précise moment 
of the star's passage. Then there are the micrometrical instrumenta, 
by which we measure the diameters of stars, and, generally ail small 
angular întervals. Thèse are the.material instruments of observa- 
tion, — ^liorary and ançular. We must now advert to the intellectual 
lueana,— that is, to the corrections which astronomers must apply 
to the results exhibited by their instruments. There would be little 
use in perfecting our instruments, if refraction and parallax întro- 
duced as much crror into our observations as we had got rid of by 
the improvement of our apparatus. 

The corrections required are of two kinds. The first relate to 
Requisite cor- the crrors causcd by the position of the observer, — 
rections, the ordiuaiy refraction and parallax. No deep 

astronomical knowledge is required for the correction of thèse. 
The second class, arising from the same cause, since they proceed 
from the observer being on a moving planet, are founded on primary 
astronomical théories : they are the annual parallax, the precession 
of the equinoxes, aberration, and nutation. Our business now is 
with the first and most important class. 

SECTION IL 

REFRACTION* 

The light which comes to us from any star must be more or less 
turned aside by the action of the terrestrial atmos- 
frac ion. ^\^QyQ^ yJ^q must cstimatc the amount of this dévi- 
ation before our observations can answer any theoretical purpose. 
The star is, by this réfraction, made to appear too near the zénith, 
while left în the same vertical plane. Only at the zénith is the 
error absent, while it increases as the star descends to the horizon. 
This error, prîmarily afFecting distances from the zénith, must affect, 
indirectly, ail other astronomical measurements, except azimuths : 
but it would be easy to calculate them, if we once knew the law of 
diminution and increase of refraction at diflerent distances from the 
zénith. Philosophers hâve tried the logical way and the empirical, 
and hâve ended by combining the two. 

If our atmosphère were homogeneous, the refraction of light 
would be uniform and calculable. But our atmosphère is composed 
of strata ; and the conséquent refractions are excessively unequal, 
and increasing as the light pénétrâtes a denser stratum, so that 
ifs passage consti tûtes a curve of the last degree of complication. 
Even this would be calculable, with more or less pains, if we knew 
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(lie law of variation of thèse afraospherîc densîtîes : but we do not 
und cannot know tliat law. We hâve no exact knowledge of the 
laws of température, and cannot estîmate atmospheric changes, 
either as to nnmber or degree: and ail mathematical processes 
founded on laws of pressure, etc., may be good as exercises, but are 
of no value in estîmating refraction. As to the empirical method, 
if the refraction remained always constant at the same height, we 
inight construct tables ; and, by extending our observations, and 
instituting varîous coraparisons, we mîght hope to obtain such 
a mass of materials as would alford us sonae certain results. This 
is what astronomers hâve, in fact, patiently and laboriously donc. 
hy the help of the improved instruments we hâve spoken of. They 
liave used whatever geometrical help they could make applicable : 
but the results are discouraging enough. There is nothing like 
luiiformity in the results : for the changes in the atmosphère are 
beyond our calculation and measureraent. We study the barometer, 
the thermometer, and the hygrometer, at the right moment ; we can 
learn from them only the changes taking place on the spot in wliich 
we are ; and our tables of refraction vary as our observatories, and 
even in one observatory at différent times. Delambre found différ- 
ences of four or five minutes between one day and another, after 
taking ail imaginable pains. AH that we can do is to confine our 
observations to the nearest possible approach to the zénith, and to 
place no relîance on what we attempt near the horizon. By doing 
this, we shall find our astronomical observations less affected by tho 
uamanageable difficulties of refraction than might be anticipated. 

SECTION IIL 

PARALLAX. 

The difficulty of the parallaxes can be dealt with much more 
ensily and satisfactorily than that of the refractions. 
Observations of the heavenly bodies made in différent 
places could not be exactly compared without a référence, in idea, 
to those which would be made from an imagînary observatory, 
sitiiated in the middle of the earth, which is besides the true centre 
of apparent diurnal motions. ïhis correction, which is called the 
parallax, is analogous to that which is constantly made in measure- 
iiients of the earth's surface, under the more logical name of 
réduction to the centre of the station. 

The effect of the parallax, like that of refraction, is upon the 
distance of stars from the zénith alone, leaving the star in the same 
vertical plane, and placing it too far from the zénith, instead of too 
near, as in the case of refraction. In this instance too, as in the 
other, though not according to the same law, the déviation increases 
as the star descends to the horizon. In like manner, too, there 
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mnst be secondary modifications for ail tlie otiier astronomîcal 
quantîtîes, except with regard to the azimuths. The rectification 
is easy în comparison with the other case, from the absence of the 
hopeless difficnlties cansed by our ill-understood atraospliere. ïhe 
similar course of the two difficnlties, producîng counteracting 
effects, lias, we may observe, relaxed the attention of astronomers 
to the facts of refraction and parallax, by partly concealing their 
influence on actual observations. 

The parallax does not, like refraction, aflfect ail the stars alike, 
but, on the contrary, afFects ail uneqnally, and each according to its 
position. It is insensible with regard to ail which lie outside the 
liniits of our System, on account of their immense distance ; and it 
varies extremely within our System, from the horizontal parallax of 
Uranus, which can never reach a half-second, to that of the moon, 
which may at times exceed a degree. Hère lies the radical distinc- 
tion, in astronomical calculations, between the theory of parallaxes 
and that of refractions. The détermination of questions of parallaxes 
does not whoUy dépend, like that of refraction, on methods of obser- 
vation in astronomy, but is truly a portion of science. Depending 
as it does, ultimately, on the estimate of the distances of the stars 
from the earth, it pertains to celestial geometry, through the 
necessity of knowing the law of motion of each star. Thus, it 
constitutes a part of the science itself ; though, in the absence of 
direct knowledge of the distances of stars, an empirical method of 
determining the coefficients, analogous to that employed in the case 
of lefraction, may be adopted. ïhe method which will suffice is to. 
clioose a place and time which will show the proposed star passing 
the meridian verv near the zénith : then to measure, for several 
consécutive days, its polar distance, so as to know pretty nearly the 
amount of this distance at any moment of the process : and this 
being laid down, then to calculate, for this instant, according to the 
horary angle and its two sides, the true distance from the star to 
the zénith, when it is considerably remote from it, without being 
too near the horizon (say from 75® to 80*) : and then, the compari- 
son of this distance with that which is actually observed at the 
moment, will evidently disclose the corresponding parallax, and 
therefore the horizontal parallax, provided the due correction for 
the réfraction bas been made. This is the method by which it is 
most easily established that the parallax of ail the stars is absolutely 
insensible. 

It is a serious inconvenience in this method, that ail the uncer- 
taînty of the case of réfraction is introduced into that of parallax. 
In regard to a body whose parallax is very gi*eat, as the moon, the 
uncertainty is of small conséquence ; but in regard to the sun, or 
other distant body, an error of one-third, or even one-half, in the 
value of its horizontal parallax, might be occasioned. The method 
is absolutely inapplicable to the remotest of our planets; and not 
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only to Urahiis, but to Saturn and Jupiter. The rational metliod 
must be resorted to, în the case of tliese. Tlie empirical method 
lias been mentioned hère from the philosophical interest whicli 
attaches to the fact that, up to a certain point, the true distances of 
stars from the earth, at least in proportion to its radius, may be 
ascertaîned by observations made in one place; a thing which, 
appears, at first sight, geometrically impossible. 



SECTION IV. 

OATALOGUB OF STARS. 

I am dîsposed to gîve a place hère, contrary to custom, to the 
Catalogue of stars, which I think should be reckoned Catalogua 
among our necessary means of observation in astro- of stars, . 
nomy. ïhis catalogue is a mathematical table of directions by 
which we find the différent stars. Such a détermination is a basis 
of direct knowledge in regard to Sidereal astronomy : while, in 
regard to our own System, it is simply a valuable means of observa- 
tion, which supplies us with terms of comparison indispensable for 
the study of the interior movements of the System. Such bas been 
the essential use of catalogues of star^, from Hipparchus, who 
began them, to this day. — In order to fulfil their purposes, thèse 
catalogues should contain the greatest possible number of stars, 
spread over every région of the sky. Astronomers hâve done their 
duty well ; for it is a settled habit with them to détermine, as far 
as they can, the co-ordinates of every new star which they observe ; 
and thus our catalogues are very voluminous, and for ever augment- 
ing. Our business liere is not with the System of classification 
and nomenclature adopted in thèse catalogues. The nomenclature, 
bearing as it does the marks of the primitive theological state of 
astronomy, might be easily replaced by one of a methodical character, 
— ^the objects to be classified being of the simpleçt nature, and the 
distinctions being, in fact, only those of position. But it is this 
very simplicity which prevents the need from being felt as it would 
among more complex éléments, — useful as a rational system would 
no doubt be in finding and assigning the places of stars. The 
change will be made în time, no doubt, and the need is not urgent. 
Stars are not known by their names, for astronomical purposes, but 
by their descriptions ; and the classification and nomenclatuie 
in the catalogue, resulting from the fundamental division of the 
circle, are as perfect as possible ; and ail else is of little importance. 
I would only ask that we should cease to speak of the magnitudes of 
stars, as marking their rank, and substitut e the word brightness, in 
order to avoid ail risk of supposing stars to be laige or small in 
proportion to their brîghtness or dimness. The word brightness 
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would be a simple déclaration of the fact, withoiit judgîng the 
causes, whîch we are far from understandîng. 

By viewing thèse methods as I hâve brought them together, we 
may trace the progress of the science from its earliest days. Witk 
regard to angular measurement, for instance, the ancients observed 
with exactness a degree at the utmost ; Tycho Brahe carried up the 
précision to a minute, and the modems to a second ; — a perfection 
so récent, that observations which lie more than a century behind 
our time are considered, from their want of précision, inadmissible 
in the formation of astronomical théories. 

My object bas been, chiefly, to show the harmony which exîsts 
among thèse différent methods of observation ; a harmony which, 
while it tends to perfect them ail, up to a certain point, still re- 
stricts them ail, by makîng each a limit to tlie rest No improve- 
ment in horary or angular instruments, for instance, could carry us 
far, while our knowledge of refraction remains as imperfect as it îs. 
But there is no reason to suppose that we bave approaclied the 
limits imposed by the conditions of the subject 
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CHAPTER III. 

QEOMETRICAL PHENOMENA OF THE HEAVENLT BOOIES. 

SECTION I. 

8TATICAL PHENOMENA. 

The phenomena of our solar System dîvîde themselves îato two 
classes, — ^the Statical and the DynamicaL The first two classes of 
class comprehends the circumstances of the star itself, phenomena. 
independent of its motions ; as its distance, magnitude, form, atmos- 
phère, etc. : the other comprehends the facts of its displacements, 
and the mathematical considérations belonging to its différent 
positions. According to the usual analogy, the first is independent 
of the second ; while the second could hâve no existence without 
the first. The Statical phenomena would exist if the System was 
immovable: while the dynamical are whoUy determined by the 
statical conditions. 

The first thing necessary to be known about any heavenly body 
is its distance from the earth : and the diflSculty of pianetaty 
obtaining this ground for further observations is distances, 
extremely great, — the smallness of the base of our triangle, and 
the immensity of the distance of the planet, rendering ail accuracy 
hopeless in very many cases. Towards the middle of the last 
century, when it was desired to détermine the horizontal parallax of 
the moon, — tlie most manageable of the heavenly bodies, — Lacaille 
went to the Cape of Good Hope, and Lalande to Berlin, to observe 
its distance at the same moment from the zénith, — that moment 
being appointed, — as the middle of an anticipated éclipse. The 
stations were so chosen as to aflford a pretty accurate knowledge of 
the extent of the Une of the base, — which was about as long a one as 
our globe could aflford. The observations of the two distances of 
the moon from the zénith must ihus afford the necessary data for 
the resolution of the triangle which must give the distance sought : 
and thus we hâve obtained a very exact knowledge of the moon's 
distance, which, at its mean, is about sixty terrestrial diameters, and 
about which we are sure that we cannot be mistaken to the extent 
of more than twelve miles. The same method might serve to 
give us, though with much less précision, the distance of Venus and 
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even Mars, îf tlie observatîon was made when they were nearest to 
the earth ; but it becomes too uncertain wîth regard to the sun. It 
would leave an uncertainty of at least an eîghth, or about twelve 
millions of miles. Of course, it is of no avail witli regard to yet 
more distant b'odies. 

The method used by astronomers under thîs difficulty îs to measure, 
first, distances for which our small terrestrial bases will serve ; and 
on thèse, according to their related pheuomena, to ei*ect other cal- 
culations ; thus making of the first a basîs for the support of new 
estimâtes. Aristarchus of Samos conceived of an ingenious method 
of discovering the distance of the sun through that of the moon ; 
but the uncertainty about seizing the exact moment of the quadrature 
of the moon introduced fatal inaccuracy into the calculation. 
Halley's method, by means of the passage of Mercury and Venus 
over the sun, is more circuitous, and suitable only to an advanced 
state of geometrical science ; but it is far more accurate, and the 
only one now admissible, for determining the parallax of those 
planets and of the sun, and therefore the distance of the sun from 
the earth, through the différences in the tmnsit observable at two 
very distant stations. By this method, we can estimate, within a 
hundredlh part, the distance of the sun from the earth. Thîs dis- 
tance being ascertained, we hâve it for a basis for other calculations. 
We hâve only to observe the angular distance from the sun to the 
proposed body, at two periods separated by six months, — that is, 
from opposite points of the earth's orbit. This gives us an immense 
triangle, the base of which is twice the length of the distance of 
the earth from the sun : and thus it is that our knowledge of the 
earth's motion has helped us to a base twenty-four thousand times 
longer than the longest that can be conceived on our own globe. It 
is true, the planet observed will hâve changed its place in the interval ; 
but the remoter planets, — which alone are in question hère, — ^move 
very slowly ; — Saturn's circuit, for instance, occupying thirty years; 
and our times of observation being practically reducible to a shorter 
time than six months, — even to two or one, with regard to those 
planets of our System which move more rapidly ; while the slower 
ones may be considered almost stationary, during such short periods 
of time', and again, allowance can be made for this small change of 
place, according to the geometrical theory of its proper motion. It 
is in this way that astronomers bave attained to their knowledge of 
the positions of the remotest bodies of our System. The numbers 
by which we express their relations to the distance of the earth 
from the sun, are now certain to the third décimal at least. 

The vast increase of the basis of observation afibrded us by our 
knowledge of the earth's movement is clearly the greatest that we 
can attain. If we hâve cleared the bounds of our globe, we certainly 
cannot go beyond its orbit. Great as this distance appears to us, 
it vanishes when we want to ascertain the distances of stars outside 
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our System. AU measurement îs hère so out of llie question that 
the most we can do is to fix a limit within whîch they certaînly are 
iiot, — saying, for instance, tliat the nearest star is at least two 
liundred thousand times more remote than the sun, or ten thcusand 
times further ofif than the remotest planet of our System ; which îh 
qiiite sufficient to establish the independence of our System. 

When we hâve ascertained the distance of the planets from the 
earth, it is easy to understand how we may find their distances 
from each other, sînce, in the triangle in whîch each is contained, 
two sides are ah-eady given, and the angle to the earth can always 
l)e measured. It is only with regard to the sun and the moon that 
the distances to the earlh are of importance, It is enough to know 
the distances of the planets from the sun, and of the satellites from 
their planets, which in volve little variation. Thèse are our means 
for ascertaining astronomical distances. As we might anticipate^ 
our assurance is in proportion to the neamess ; and great remotehess 
baflSes us entirely. We see hère again, as everywhere, that the 
most simple and elementary détermination dépends on the raost 
délicate and coraplex scientific théories. This first case exhibits 
80 much of the spirit of astronomical procédure, that we may go 
more rapidly through the other statical heads of celestial geometry. 

The distances of the stars from our globe being once ascertained, 
we can learn whatever we désire aboufc their form _ , . 

and size by observation, 11 it be but précise enough, 
Their very distance is favourable to this ; for, while their motion or 
ours displays in turn ail their possible aspects, our distance enables 
us to see at once the whole of each aspect. With regard to the most 
distant and the smallest, however, — to the stars outside our System, 
and the satellites of Uranus, and the small planets between Mars 
and Jupiter, — they can appear to us only as points of vivid light, 
and their sphericity is concluded upon only through a bold induc- 
tion. But, in observing the larger planets of our System, we hâve 
only to measure their apparent diameter in ail directions, after 
allowing for refraction and parallax. It is much easier to us to 
learn the form and size of sun and moon than of our own globe, 
since we hâve had the aid of glasses. The only case of difficulty 
is that of Saturn's rings; as it once was with the moon, whose 
changing aspects greatly puzzled the ancienta The most simple 
geometry now solves the last difficulty, and Huyghens bas helped 
us over the first. With thèse exceptions, direct observation assures 
us that the planets are ail round, with more or less flattening at 
ihe pôles and bulging at the equator, in proportion to the rapidity 
of their rotation. 

As for the size of the heavenly bodies, it is easily calculated from 
the measurement of the apparent diameter combined with the 
détermination of the distance ; and the only reason why men were 
80 long and so widely mistakeu about the dimensions of the planets 
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was tliat their real distances were unknown. No nile as yet appoars 
whîch connects thèse results with the order of tbe distance of fche 
planets from the sun. AU we know is that the sun is larger than 
ail the other bodies of the system put together, and in gênerai that 
the satellites are much smaller than their planets, as the laws of 
celestial mechanics require. With regard to the bodies outsîde of 
our System, as we bave no knowledge of their distances, we are, of 
course, ignorant of their dimensions. 

It is by the occultation of stars, as starry éclipses are called, that 
Pianetary we make observations on the atmosphères of the 
atmosphères, planets, by sceing what déviation their atmosphères 
cause in the light of the remote stars which they éclipse. As the 
sun's light is prolonged to us by the refraction of our atmosphère, 
the atmosphère of a planet defers (only in a much greater degree) 
the occultation of the star, and also shortens it ; and the comparison 
of the apparent duration of the éclipse with that which it woukl 
otherwise be, gives us data for the calculation of the atmosphère 
which causes the déviation. It is thus that we learn that the moori 
has no appréciable atmosphère. The horizontal refraction which, 
on our globe, would reach thirty-four minutes, does not in the moon 
amount to a single second. And the inference that an atmosphère 
is wanting there is confirmed by M. Arago, who in a différent path of 
inqniry, about the polarization of light reflected from liquid surfaces, 
has eslablished the fact that there are not, on the surface of the 
moon, any great liquid masses, fitted to form an atmosphère. ïhe 
next best-known case is that of Venus, which exhibits a horizontal 
refraction of thirty minutes, twenty-four seconds. As for the extent 
of tlie atmosphères, it may be roughly conjectured from the cessation 
of the refracting power; but such conjectures must be very loose, 
as the refracting power may become imperceptible to us, far within 
the limits of an atmosphère becoming attenuated towards its verge. 
The strangest phenomenon is that of the telescopic planets, with 
the exception of Vesta ; the atmosphère of Pallas, for instance, being 
more than twelve times the diameter of the planet. The usual 
condition, however, appears to be that shared by our globe,^-of an 
atmosphère whicii is very shallow in proportion to the dimensions 
of the planet : and this is nearly ail we know. 

The remaining statical topic is that of the form and size of the 
Farth'sform carth, wliich has been left to the last, on account of 
and size. itg spécial nature. 

No glance of the eye will aid us hère, nor any direct observation 
Meansof whatever. A long accumulation of indirect observa- 
discovetT/. tions, serving as a basis for complex mathematical 
reasonings, are our only means. The geometrical aspect of the 
question must be taken first, though it dépends on the hîghest 
mechanical théories, and arises from a mechanical beginning. In 
the infancy of mathematical astronomy, the variations exhibited in 
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diflferent places by tlie dîurnal raovement furni«hed the first 
geometrical proof of the earth being round. It was enough to 
establish its evidently and exclusively spherical character, that the 
change exhibited by the heîght of the pôle on each horizon was 
always in exact proportion to the length traversed according to 
any meridian whatever : and this remains the source of ail our 
geometrical knowledge of the form and dimensions of our planet. 
Astronomers reached their knowledge of its précise form through 
lliat of its size ; for it was long before its déviation from the perfect 
spherical form was understood. In this, as in every case, the form 
of any body is appréciable only by measuring its dimensions in 
various directions; and hère the only diflSculty is in the measuring. 
The first principles of the discovery were gîven by Eratosthenes, in 
tlie early days of the school of Alexandria ; but his metliod was 
iiever effectually employed till the middle of the seventeenth 
century, when Picard undertook to measure the degree between 
Paris and Amiens. This was the great starting-point of the 
measuring opérations, which must hâve revealed, as they became 
more perfect, the trutli that the earth is not a perfect sphère ; but 
Newton, by his theory of gravitation, and with his one fact of the 
shortening of the seconds-pendulum at Cayenne, settled the 
matter, by decidîng that our globe must necessarily be flattened at 
the pôles, and bulge at the equator, in the relation of 229 to 230. 
The astronomers could not at once pronounce against the évidence 
of direct measurement, while the geometers saw the fact to be 
certain ; and the controversy between thèse two orders of philos- 
ophers, for half a century, led to those scientific opérations which 
liave brought us ail to one mind. The question was settled by the 
great expédition sent forth, above a century ago, by the French 
Academy, to measure, at the equator and the pôle, the two extrême 
(legrees of latitude which must exhibit the widest variation from 
each other : and the comparison of thèse with each other, and with 
Picard's degree, terminated the controversy, and established, not 
only the truth of Newton's discovery, but the very near accuracy 
of his calculation. Ail the experiments made since, in various 
countries, bave united in confirming the fact of the continuai 
lengthening of degrees in approachîng the pôle. It does not foUow 
tliat the figure of the earth bas been ascertained with absolute 
précision. There are slight discrepancies which may either be from 
imperfection in our estimâtes, or from the earth not being precisely 
an ellipsoid of révolution ; but whatever may be the resuit of 
future labours, we know that we are near enough to the truth for 
ail practîcal purposes, unless in questions of extrême delîcacy. 
We hâve no absolute knowledge hère, any more than in any other 
(lepai-tment ; and we must be content to make our approximations 
more coraplex as new phenomena arise to demand it. Such is the 
true character of the advances that hâve been made in this science 
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from tbe begînning. Buperficîal observera may call its théories 
arbitrary, from the incessant changes of view that hâve arisen : but 
the knowledge gained has always been positive; every scîeatific 
opinion has corresponded with the facts which gave rîse to it ; and 
Buch opinions remain therefore useful and sound at this day, within 
their own range. The science has thus always exhibited a character 
of stability, through ail incidents of progression, from the earliest 
days of the Alexandrian school till now. 

Such are the statical aspects of the planets of our System. We 
bave now to look at the geometrical theory of their motions. 

Like ail other bodies, the planets hâve a motion composed of 

Fianetary translation and rotation. The connection of thèse 

mations. two motions is so natural, that when we know of the 

one we look foi- the other. Yet they présent very différent degrees 

of difficulty, and require separate considération. 

The progression of the stars was observed long before their rota- 
tion, — the unassisted eye being enough for the first; yet the geo- 
metrical study of their rotations is easier, because the motions of 
the observer hâve no eflfect upon them ; whereas they largely aflFect 
questions of translation. And agaîn, the question of orbits is the 
chîef difficulty of the study of translations ; and it does not enter 
into that of rotations. The latter nearly approaches to the character 
of statical questions ; and therefore it ought to be taken first in the 
exposition of celestial geometry. 

Galileo introduced the study of rotations by discoveiîng that of 
itotat' ^^^ ®^^' which was sure to foUow closely on the in- 

vention of the télescope. The method used is obvions 
enough, and the same in ail cases ; — to observe any marks that may 
exist on the surface of the body, their displacement and return. 
The more such points of observation are multiplied, the more accu- 
rate and complète will be the calculations of time, magnitude, uni- 
formity of movement, etc., deducible from them. There is no more 
délicate task than this, except with regard to the sun and moon ; 
and none that more absolutely requires a spécial training of the eye. 
It is a proof of this, that a careful and honest observer, Bianchini, 
supposed the rotation of Venus to be twenty-four times slower than 
it is. Some bodies, as Uranus, are too remote, and others, as the 
satellites and new planets, too small, to bave their rotation estab- 
lished at ail, though it is concluded from analogy and induction. 
We, as yet, know of no law determining the time of thèse rotations : 
they are uot connected with distances, nor with magnitudes ; and 
they seem only to bave some gênerai, but not invariable, connection 
with the degree of flattening at the pôles.* But if the duration is, 
though regular in each case, altogether irregular as regards the dif- 
férent bodies, the case is much otherwise with the direction ; for it 

* The rotations of some of the satellites are known. They ail follow the Iaw of 
the moon's rotation, namely, the time corresponds with the orbital periods. — J. P. N. 
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is always, througliout our sj'stem, from west to east, and on planes 
slîghtiy înclined to thafc of the solar equator : and this constîtutes 
an important gênerai datum in the study of our globe. 

The study of translations, much more coraplex, îs also much more 
important, if we consîder the fireat end of astrono- ^ 

.^1 'i Ji i. • • Pli i i e i.1 Translation. 

mical pursuit — the exact prévision of the state of the ^ 
heavens at some future tirae. Besides that the movement of the 
earth constitutes an important élément in such a study, it must 
make a différence with regard to other stars, whether the observer 
is fixed or moving, as his own movement must afiect his observation 
of other motions. We might indeed décide with certaînty, without 
this introductory knowledge, that the sun and not the earth is the 
true centre of the motions of ail the planets, as Tycho Brahe did 
when he denîed our own motion ; for it is enough, with this view, 
to establish that the distances from the planets to the sun scarcely 
vary at ail, while their distance from us varies excessively; and 
again, that the solar distance between each inferior planet and the 
sun is less, and between each superior planet and the sun is gi-eater, 
than our distance from the sun. But we cannot go further than 
this, — we cannot détermine the form of the planetary orbits, or the 
mode in which tliey are traversed, without making a careful and 
exact allowance for the displaceraent of the observer. Deferring 
for the présent the subject of the earth's motion, we will briefly 
notice some important data connected with the planetary motions, 
which may be obtained without référence to our own movement, 
and which are so simple as to rank among statîcal researches. 
I mean particularly the knowledge of the planes of orbits, and of 
the duration of the sidereal révolutions, which bas nothing to do 
with the form of the orbits or the variable velocity of the planets. 
A plane being determined by three points, it is enough to observe 
three positions of a star to draw a geometrical conclusion about the 
situation of the plane of its orbit. Astronomers do not now use, in 
thèse opérations, the declinations and right ascensions, which are 
the only co-ordinates directly observed, but, for the sake of convcni- 
ence, two other spherical co-ordinates, improperly called astrono- 
mical latitude and longitude, which are analogous, with regard to 
the ecliptic, to the others with regard to the equator. After having 
determined the latitude and longitude of the planet in tho three 
positions, its nodes are found ; that is, the points at which its orbit 
raeets the plane of the ecliptic, and the inclination of the orbit to 
this plane. It is évident that confirmation may be obtained by 
observing other positions of the body, if they are chosen sufficiently 
remote from each other ; and thus we may obtain a far gieater pré- 
cision than in the case of rotations. It is thus that we hâve learned 
that the planes of ail the planetary orbits pass through the sun ; 
and the same with regard to the satellites of any planet; and that 
thèse planes are in gênerai slightly inclined to the ecliptic, and more 
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slightly still to tlie plane of the solar equator, except the newly-dîs- 
covered planets, in whose case we find the inclination much more 
considérable. 

The duration of the sidereal révolutions may, of course, be 
Sidereai directly observed, in the first instance, by lookîng for 
révolution, the return of the star to the same spot in relation to 
the centre of its motion. If we suppose its motion to be uniform, 
whîch we may for a first approximation, we can estimate its course 
by observing the time required between any of the three positions, 
without waiting for the total révolution, which is sometimes very 
slow. ïhe geometrical law of thîs motion permits us to détermine, 
from this kind of observation, the exact time of the planetary révo- 
lution. The values of thèse perîodic times are not irregularly 
divided among the bodies of our System, like the other data that 
we hâve noticed. The shorter the course, the more rapid the 
motion ; and the duration increases more rapidly than the corre- 
sponding distance ; so that the mean velocîty diminishes in pro- 
portion as the distance increases. We owe to Kepler the dificovery 
of the harmony between thèse two essential éléments, and it is one 
of the most indispensable bases of celestial mechanics. 

Such is the spîrit of the methodsby which celestial geometry is made 
to yield us the elementary data which characterize the bodies of the 
solar System. We hâve still to consîder those of our own planet, be- 
fore we proceed to the geometrical laws of the planetary motions. 

Motion of the Earth. 

We are accustomed to thînk of the motions of translation and 
rotation as inséparable ; but, in the transition from supposing the 
earth to be motionless, to the présent state of our knowledge, 
Evidences of the » theory existed that it whirled round its axis, but 
Harth's Motion, was stationary in space. We now peiceive that, in 
addition to the gênerai évidence of the double motion of the 
planetary bodies, we hâve spécial évidence about our own globe, — 
that the annual motion could not exist without the diurnal, though 
we might logîcally suppose beforehand that it could. 

As the rotation of the earth cannot be absolutely uniform in ail 
parts of its surface, some indications of its course must exist among 
terrestrial phenomena. We must therefore distinguish between 
the celestial and terrestrial proofs of our diurnal motion, while the 
annual motion adniits only of the former. 

Immédiate appearances go for nothing in this case ; for it is clear 

Amientcon- that, to our eyes (as we do not feel the rotation), 

cepttons. it must be exactly the same thing whether we 

move round among the heavenly bodies, or whether they, fixed in 

a System, move round us in a contrary direction. There was 

nothing absurd in the latter supposition, in the old days when men 
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had no doubt of the stars beîng very near, and nofc mucli larger 
llian they appear to the eye, while they exaggerated the size of the 
earth. They could not avoid supposîng that such a mass must be 
immovable, while the small stars, with their little intervais, were 
seen moving every day. Even when the Greek astronomers had 
sketched ont the true geometrical theory of the movements of the 
planets, they treated only of the directions, and had no îdea of 
measuring distances ; and it required the whole strength of positive 
évidence of dimonsions and distances to uproot men's strong and 
natural persuasion of the stability of their globe. From the 
moment of our obtaining an idea of the proportions of the universe, 
the old conception became too revolting to reason to be sustained. 
When it was understood that the earth is a mère point in the 
raidst of prodigious intervais, and that its dimensions are extremely 
small in comparison with that of the sun, and even of other bodies 
of our own System, it was absurd to suppose that such a universe 
could travel round us every day. What velocities would be required 
to enable the outlying stars to complète such a daily circuit, — mak- 
ing allowance for their being twenty-four thousand times nearer 
the earth, if the earth describes no orbit, — ^and how small the move- 
ment of the earth, while those prodigious masses were travelling at 
such speed ! On mechanical grounds, the centrifugal force would 
be seen to be unmanageable. In every way, the supposition was 
j)erceived to be monstrous. Again, the passage of stars before each 
other, and in a contrary direction to that of the gênerai movement 
of the sky, showed that they were at dififerent distances from each 
other, and not bound into au unvarying fabric. Hence arose the 
notion of Aristotle and Ptoleray, of a system of solid and transpar- 
ent firmaments. But the existence of comets alone was enough to 
confute this, appearing as they do in ail régions of the sky in turn. 
As Fontenelle said, this theory put the universe in bow they 
danger of being fractured. It was, curiously enough, ^"^* ^^y- 
Tycho Brahe, the most illustrions opponent of the Copernican 
System, who provided for the overthrow of his own arguments by 
first presenting the true geometrical theory of comets. Long before 
modem précision was attained, men had been pre- Earth'8 
pared by such consideiations as the above to conclude rotation, 
upon the rotation of the earth. Long before Copeinicus, a rough 
conception of the truth existed. Even Tycho Brahe felt the astro- 
nomical superiority of the true theory ; but it seemed to be con- 
tradicted by what is before our eyes, — the fall of heavy bodies, etc. 
Copernicus himself could not remove the objections which arose 
out of men*8 ignorance of the laws of Mechanics. Thèse objections 
lield their ground for a century, till Galileo established the great 
law which we hâve recognized as one of the threeon which Eational 
Mechanics is based, — that the relative motions of différent bodies 
are independent of the .common motion of the whole. Till this was 
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established, the supposition of the rotation of tke earth was inad- 
missible. It is a curions fact, casting much light upon the action 
of the human mind, that the opponents of Galileo taunted him with 
the 80-called fact that a bail let down from the top of the mast of a 
ship în motion would not fall at the foot of the mast, but some way 
behind, — neither they nor anybody else having tried the expérimenta 
which would hâve shown them that their supposed fact was a 
niistake. The followers of Copernicus did worse, — they admitted 
Ihe so-called fact, but tried to reason away its bearings with 
fantastic subtleties. The matter was not settled even by the 
démonstrations of Galileo, nor till Gassendi compelled observation 
by a public experiment in the port of Marseilles. 

That order of experiments has been carried on, and would be of 
high value if we could obtain perpendicular stations of sufiScient 
height for the purpose. It is clear that a lofty tower must describe 
a larger circle in the same time at the top than at the base ; and 
that any body dropped from it must share the higher rate of 
velocity, having a slight horizontal velocity in the direction of the 
earth's rotation, — ^falling therefore a little to the east of the base of 
the tower. Omitting the considération of the résistance of the aii-, 
this amount is calculable in the function of the height of the tower 
and of its latitude ; but experiment would also be valuable ; and it 
is to be hoped that it will be tried at the equator, where the dévia- 
tion must be greater than anywhere else. 

The most certain terrestrial proof of the earth's rotation is found 
Influence of ^y tracing the influence of the centrifugal force upon 
centnfugai force the direction and intensity of weight. This has been 
upon graviti/, j^^j^ j^y j^j^j^^ observation of Kicher, on the shortening 

of the seconds-pendulum at Cayenne, which has been mentioned as 
having emboldened Newton to déclare the true figure of the earth. 
The déviation from the spherical form is too small to account for 
more than one-third of the effect observed ; and the other two- 
thirds are precisely what would be required, at the equator, where 
the centrifugal force is greatest, on the supposition of the earth's 
rotation. Wherever the délicate observation can be made with 
sufficient précision on other points of the globe's surface, the resuit 
answers to the theory. Thus, we should hâve sufficient assurance, 
in the absence of the abnndant astronomical proofs that we possess 
of the rotation of the earth. Probably no one fact has ever, in the 
history of our race, pioduced such conséquences as that observation 
of Kicher's, — two-thirds of the estimated effect having completely 
established the rotation of our globe, and the other third having 
led Newton to the ascertainment of its form. 
The movement of translation is asccrtainable only by astrono- 
£aHh*8tran8' mical proofs, for tho difierence in velocity of the 
lation. varions parts of the globe, in virtue of this motion, 

is too slight to be sensible to us, or to produce any effect on 
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terrestrîal phenomena. Wlien the circuits of other planets were 
knowQ, men's minds were prepared for that of the earth, — the 
question tben being whether the enrth was in analogy with Venus, 
Mars, Jupiter, etc., or whether, while they continued theîr courses 
round the sun, the sun made a yearly circuit round the earth. 
Reason must déclare, in such a case, tliat any uncertainty must 
arise siraply from the position of the observer, who, placed on any 
other planet, would hâve doubted whether he was not the centre of 
the heavenly motions. Any observation of mère appearances must 
evidently go for nothing in this case ; as appearances must be exactly 
the same, — the parallelism of its axis of rotation being unaltered, — 
whether the earth or the sun is in the ecliptic, and the other in the 
centre. The proofs must be derived from better testimony thau 
mère appearances ; and they so abound that we hâve only to choose 
among those which are presented by the whole range of tlie heavens. 
The phenomenon called the procession of the equinoxes was 
observed by Hipparchus, who was struck by the PrecetsUm of 
différence of two degrees which he observed between *^« equinoxes. 
the longitudes of stars in his time and those which had been recorded 
a century and a half before, To account for such a phenomenon, 
successive astronoraers imagîned other heavens; a process tliat 
they repeated with regard to nutations, which was a phenomenon 
too minute for their observation. To account for it, on the supposi- 
tion of the earth being stable, a third gênerai movement of the 
whole heavens must be supposed. Newton indicated and Bradley 
afterwards proved, that very slight altérations in the parallelism 
of the earth's axis, — ^such altérations as must resuit from the 
influence of the sun, and yet more of the moon, upon the equa- 
torial bulge, — ^precisely account for the perturbations which create 
such confusion under the ancient view of the earth 's stability. The 
most unquestionable proof of ail, however, is in that class of pheno- 
mena called the retiogi'adations and stations of the jutrogradations 
planets, which are perfectiy explained by the annual and stations of 
circuit of our globe, and are otherwise quite incom- ^^^P^^^^^- 
prehensible. If two beats are glidiug down a river, at différent 
rates of speed, the one must appear to the other advancing, 
stationary, or rétrograde, accordiug as its own speed is smaller, 
equal, or greater. With regard to the heavenly bodies, their 
velocities and other circumstances are known to us, so that we 
can calculate what their courses ought to be to our eyes, on the 
supposition of our own annual movement. The appearances answer- 
ing to our scientific expectation, the proof is practically complète. 
If the earth moves, the rétrogradation of the larger planets ought 
to happen, as it does, when they are in opposition, and that of Venus 
and Mercury when they are in inferior conjunction. The regular 
occurrence of this coïncidence was not even attempted to be ex^ 
plained by the ancienls. 
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We bave called thèse prooFs practîcally complète ; and they were 
lield to be so by Copernican philosophera before the time of Kepler 
and Galileo : but our âge is not satisfied without a more strict 
mathematical évidence, amounting to démonstration. 

ïhe one démonstration on wliich modem science rests îs that 
Aberraxvm derived from the varions phenomena of the aberration 
ofiigU, of light, which are quite incompatible with the stabil- 
îty of the globe. Éoemer's observations of the satellites of Jupiter 
suggested to him the use of light as a measure of distance. Know- 
ing what changes must be taking place at varions distances from 
us in the heavens, and knowing the velocity of light, the variations 
in time at which the changes become visible to us will be a measure 
of our change of place and distance. For instance, the first 
satellite of Jupiter is eclipsed every forty-two hours and a half. 
The éclipse will take place in a shorter or a longer time than this 
to our eyes, in proportion as we are removed to the one sîde or the 
other of our mean distance from Jupiter, on account of the smaller 
or greater space that the light will hâve to travel through. By 
extending our observation, not only to the other satellites of Jupiter, 
but to those of Saturn and Uranus, we hâve obtained further 
vérifications of the relation of our orbit to theirs, and also, proof of 
the uniformity in the passage of light, — at least within our own 
^?ystem. If the earth were immovable, we might hâve an error of 
time, with regard to distant stars, but not of place : but, by com- 
l)Ounding the velocity of the earth in its orbit with that of light, 
which is about ten thousand times greater, we can calculate how far 
any star ought to appear to deviate from its position. This dévia- 
tion is found not to exceed, at its maximum, twenty seconds in any 
direction ; and therefore forty seconds is the greatest déviation 
which can appear in the position of any star in the course of the 
year. It was the striking periodicity of thèse déviations which led 
Bradley to seek for the true theory in the combination of the motion 
of the earth with that of light, and to work it ont with the mathe- 
matical exactness permitted by modem science: and there is 
nothing in the case to prevent the direct application of the mathe- 
matical process to the visible phenomena. ïhe resuit is an nnques- 
tionable démonstration of the annual movement of the earth, with 
which ail the phenomena of the case precisely agrée, and without 
which they could not exist. 

It is évident that this knowledge of aberrations compels us to add 
another correction to those of refraction and parallax, and the same 
is the case with regard to the precession of the equînoxes and nuta- 
tion. ïhus, as science advances, the préparation of a phenomenon, 
observed with the best instruments, for scientific use, becomes a 
délicate and laborious opération. 

Thèse are the considérations which hâve led men to the know- 
ledge of the double motion of the planet we înhabit. No other in- 
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tellectn.al révolution has ever so thoroTighly asserted tlie natural recti- 
tude of tlie human mind, or so well shown the action jnjiuen^e of 
of positive démonstration upon définitive opinions ; for tcientificfact 
no other has had such obstacles to surmount. A very "^'* Opinion. 
small number of philosophers, working apart, without any other 
social superiority than that which attends positive genius and real 
science, hâve overthrown, within two centuries, a doctrine as old as 
our intelligence, directly established upon the plainest and com- 
raonest appearances, intimately connected with the whole system of 
existing opinions, gênerai interests, and dominant authorities, and 
supported moreover by human pride, powerful in the recesses of 
each individual mind. The whole System of theological belief 
rested on the notion that the entire universe was ordained for Man, 
a notion which appears truly absurd the moment it is seen that our 
globe is only a subaltern star, — ^not any centre whatever, but circu- 
lating in its place and season, among others, round the sun, whose 
inhabitants might, with more reason, claim the monopoly of a System 
which is itself scarcely perceptible in the universe. The notion of 
final causes and providëntial laws undergoes dissolution at the same 
tirae ; for, the once clear and reasonable idea of the subordination 
of ail things to the advantage of Man being exploded, no assignable 
purpose remains for such providëntial action. As the admission of 
the motion of the earth overthrows the whole theory founded on the 
hnman destination of the universe, it is no wonder that religions 
minds revolted from the great disclosure, and that the sacerdotal 
power maintained a bitter rage against its illustrions discoverer. 

The Positive philosophy never destroys a doctrine without 
instantly substituting a conviction, adéquate to the needs of our 
human nature. If the vanity of Man was grievously humbled wlien 
science disabused him of his notion of bis suprême importance in 
the universe, to this vanity at once succeeded a lofty sentiment of 
his true intellectual dignity, when he saw what means were in his 
power, under such difflculties as his position imposed upon him, for 
Ihe discovery of such a truth as he had attained. Laplace has 
pointed this out, showing how to the fantastic and enervating notion 
of a universe arranged for Man has succeeded the sound and vivify- 
ing conception of Man discovering, by a positive exercise of his 
intelligence, the gênerai laws of the world, so as to be able to modify 
them, for his own good, within certain liraits. Which is the nobler 
lot? Which is most in harmony with our highest instincts? 
Which is the most stimulating to our faculties ? And which is the 
most animating to our feelings ? 

One more remark suggested by thèse discoveries is that a clear 
distinction is for ever established between our System and the uni- 
verse at large. The old notion of the universe as a single System 
was founded on the error of the stability of the earth as its centre, 
ïhe discovery of the earth's révolution at once transported ail Ihe 
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external stars to distances infinitely more considérable than the 
greatest planetary intervais, and bas left no place for the idea of 
System at ail, beyond the limits of our siin's influence. We do not 
know, more or less, and men will probably never know, whether the 
inuumerable suns that we see compose a gênerai system, or any 
number, large or smal!, of partial Systems entirely independent of 
each other. The idea of the universe therefore is excluded from 
positive phîlosophy ; and that philosophy is, strictly speaking, 
bounded by the limits of the solar system, in regard to definite 
l'esults ; and this circumscrîption is, as elsewhere, to be regarded as 
real progress. ïhis restriction is further justified by the knowledge 
we bave oblained of ail really universal phenomena being essentially 
independent of the interior phenomena of our system, since the 
astronomical tables of the state of our system, prepared without réf- 
érence to any other sun than our own, invariably coincide with the 
minutest direct observations. ïhe theory of the earth*s révolution 
lias not as yet exerted its due influence on our views, and especîally 
in regard to this last considemtion. This is doubtless owing to the 
imperfections of our éducation, which keep back thèse high philo- 
sophical truths till even the best minds hâve been possessed with 
an opposite doctrine : so that the positive knowledge which they 
afterwards attain commonly does little more than modify and 
restrain the bad tendencies of their éducation, instead of ruling and 
guiding their highest faculties. 



K&pltr's Laios, 

The first idea that occurs to us when we are once satisfied of the 
révolution of the earth is that our point of view ought henceforth to be 

Annuai the Centre of the sun. This transformation of our ob- 

paraiiax, servation is called the anmial parallax, and foUews the 
same rules as the diurnal parallax, allowance being made for the 
much greater distance. Whether our observations of the sidereal 
heavens are geocentric or heliocentric, — from the middle of the 
earth or of the sun, — is of no appréciable conséquence ; but within 
our System the annuai parallax is of sensible importance. When, 
from the central point of view, the orbits of the planets are deter- 
rained, we can proceed to that great aim and end of the science, — 
the prévision of future conditions of the heavens at appointed times. 

The earliest supposition was that the motions of the planets were 
^. , uniform and circular. The ancients had a supersti- 

tion, as their writings abundantly show, that the circle 
was the most perfect of ail forms, and therefore the most suitable 
for the motion of such divine existences as the stars. Their choice 
of the form was wise : they had to suppose some for m, while that of 
the circle answered best to what they saw ; and we ourselves now 
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tnke ît provisîoDally in formîng the theory of a new star. But the 
Fuperstitîous attachment of the ancîents to thîs form was a serious 
impediment to the advance of astronoray. For every déviation and 
new appearance a new cîrcle was supposed, till ail the simplicity 
of the original hypothesis was lost in a complication of epicycles. 
By the end of the sixteenth century the number of circles supposed 
iiecessary for the seven stars then known araounted to seventy-four, 
while Tycho Brahe was dîscovering more and more planetary 
movements for which thèse circles could not account. Thus it is 
that men cleave to old ideas and methods till they are utterly worn 
ont, and proved beyond recal to be iueffectual, under ail additions 
Ihat can be made to them. 

Then came Kepler, the first man for twenty centuries who had 
the courage to go back to the beginning, as if nothing 
had been donc in the way of theory. He took for his 
materials the complets system of exact observations which were the 
result of the life of his illustrions precursor, Tycho Brahe. Not- 
withstanding the natural hardihood of his genius, his works reveal 
to us how strenuously he had to maintain his enthusiasm, in order 
to support the toils of so bold and difficult an enterprise — rational 
as it was. He chose the planet Mars for study; and it was a 
happy choice ; because the marked eccentricity of that planet was 
raost apt to suggest the true law of irregularity. Mercury is more 
eccentric still ; but it does not admit of continuons observation. 
He discovered three great laws, which, extended frora the case of 
Mars to that of ail the other planets in our system, constitute the 
foundation of Celestial Mechanics. The fîrst law 
régulâtes the velocity ; the second détermines the " '^^ ^^^ 
figure of the crbit : the third establishes harmony among ail the 
planetary motions. 

It had long been remarked that the angular velocity (that is, the 
larger or smaller angle described, in a given time, by w- gtia 
its vector radius) of each planet increases constantly 
in proportion as the body approaches the centre of its motion ; but 
the relation between the distance and the velocity remained wholly 
unknown. Kepler discovered it by comparing the maximum and 
minimum of -thèse quantities, by which their relation became more 
sensible. He found that the angular velocitîes of Mars at its nearest 
and furthest distance from the sun were in inverse proportion to the 
squares of the corresponding distances. Another way of expressing 
this law is used by himself ; that the area described in a given time 
hy the vector radius of the planet is of a constant magnitude, though 
iteform is variable: or, again, in other words, that the areas described 
increase in proportion to the times. Thus he destroyed the old 
notion of the uniformity of the planetary motions, and showed that 
the uniformity was not in the arcs described, but in the areas. 

The second law was less difficult to discover, when once Kepler 
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bad surrendered hîs attachment to the cîrcle. The next figure that 
<fo»m2 la. presented itself must naturally be the ellipse, wbîch 
is the simplest foim of closed curve, after the circle. 
The Greek geometers bad advanced the abstnict theory of this 
curve some way. Kepler could not long hesitate where to place the 
sun in it : it must be either in the centre or in one of the two foci. 
No mathematical labour was needed to show hîm that it could not 
be in the centre : and thus, in constructing elliptic orbîts, Kepler 
was necessarily led to place the sun in tlie focus for ail the planets 
at once. His hypothesis once formed, it was easy to verify it by 
comparison with observations, the first principles of the required 
calculations being laid down beforehand. The second law of 
Kepler then is that the planetary orbits are elliptical, having the 
sun for theîr common focus. 

Thèse two laws determined the course of each planet ; but the 
Th'rdia movcments of ail round their common focus seemed 

* to be purely arbitrary, till Kepler discovered his 
third law. Being distinguished by the most remarkable genîus .for 
analogy ever seen in man, Kepler sought, and successfully, to 
establish some kind of harmony among ail thèse varions move- 
ments. He spent much time in pursuing the old metaphysical 
ideas of certain mystic harmonies which must exist in the universe : 
but, beyond the gênerai conception of harmony, he obtained no 
assistance from thèse vague notions. The ground on which he pro- 
ceeded was, in fact, the observation of astronomers that the plane- 
tary révolutions are always slow in proportion to the extent of their 
orbits. If he had confined himself to this ground, this discovery 
would certainly not bave occupied seventeen years of assiduous toil. 
At last his labour issued in the discovery that the squares of the 
times of the planetary révolutions are proportional to the cubes of 
their mean distances from the sun: a law which ail subséquent 
observations bave verified. One important resuit of this law is that 
we may détermine the perîodic times and mean distances of ail the 
planets by any one. By it, for instance, we bave determined the 
duration of the year of Uranus, when once we knew its distance 
from the sun : and, conversely, if we discovered a new planet very 
near the sun, we need only observe its short révolution, to be able- 
to calculate its distance, which, in that position, we could not effect 
by other means. Astronomers are every day using this double 
facility, afibrded them by Kepler's third law. 

Thèse are the three laws which will for ever constitute the basîs of 
celestial geometry, in regard to planetary motions. They answer 
for ail the bodies in our System, regulating the satellites, by placing 
the origin of areas and the focus of the ellipse in the centre of the 
respective planets. Since Kepler*s time, the number of bodies in 
our System bas more than trebled ; and ail hâve in turn verified 
thèse laws. By them, motions of translation require for their 



£CL1PSES—TIIEIR USES. 145 

delermrnatîoh nothîng raore than a simple geometrîcal problem, 
which demands from direct observation only a certain number 
of data, — six for each planet. And thus is a perfectly logical 
character gîven to astronomy. 

The application of thèse lawa, restricted to our own System, is 
naturally divided into three problems : the problera 
of the planets ; that of the satellites ; and that of the ^^ ^^ *^' 
cornets. Thèse are the three genernl cases of our System ; and, by 
the application to them of Kepler's laws, we may assign to every 
liody within the system, its précise position, in ail time past and ail 
tiinetocome: and thence again, we can exhibit ail the secondary 
phenomena, past and future, which must resuit from such relative 
positions. The next striking fact of this kind to the gênerai mind 
is the prédiction of éclipses, absolutely couclusive as Prédiction 
it is, with regard to the accuracy of our geometrical ^f Eclipses. 
knowledge. This kind of prédiction, quite apart from the vague 
prophesying of ancient times, when éclipses occurred, as thcy do 
DOW, necessarily from the planetary orbits being ail closed curves, 
aod which men's expérience told them must return, — began in the 
immortal school of Alexandria ; and its degree of précision, to the 
hour, then to the minute, then to the second, faithfully represents 
the great historical phases of the graduai perfecting of celestial 
geonietry. It is this which will, apart from ail other considérations, 
for ever make the observation of éclipses a spectacle as interesting 
for philosophers as for the public, and on grounds which thespread 
of the positive spirit will render, we may hope, more and more 
analogous, though unequally energetic. 

We are learning to make more use of this class of phenomena, 
and to make out new uses from them, as time goes on. Independently 
of their practical utility in regard to the great problem of the 
longitudes, they bave been found, within a century, very important 
in determining with more exactitude the distance of the sun from 
our earth. Whether it be an éclipse by the moon, or the transit of 
Venus or Mercury, the différence in duration of the phenomenon, 
observed in différent parts of the earth, will furnîsh Transit of 
the relative parallax of that body and the sun, and Venus. 
consequently the distance of the sun itself. Some bodies are more 
fit than others for this experiment, certain conditions being neces- 
sary, which are not commôn to ail. Of the three known bodies 
which can pass between us and the sun, two-— the Moon and Mercury 
—are excluded by thèse conditions ; and there remains only Venus. 
Halley taught us how to conduct and use the observation. The 
parallax, in such a position, offers suitable proportions, being nearly 
three times that of the sun; and the angular velocity is small 
enough to allow the phenomenon (lasting from six to eight hours) 
to présent différences of at least twenty minutes between well-choseu 
observatories. I bave specified this case, ou account of its extrême 

Vol. i. K 



;i46 POSITIVE PHILOSOFHY. 

importance to the whole System of aetronomical scienco; but ît 
would be quitting our object and plan to notice any other secondary 
cases. 

I must remark upon one very striking trnth which becomes ap- 
parent during the pursuit of astronomîcal science ; — its distinct and 
ever-increasing opposition as it atiains a bigher perfection to the 
theological and metaphysical spirit. Theological philosophy sup- 
poses every thing to be governed by will ; and that phenomena 
are therefore eminently variable and irregular, — at least virtually. 
The Positive philosophy, on the contrary, conceives of them as 
subjected to invariable laws, which permit us to predict with 
absolute précision. ïhe radical incompatibility of thèse two views 
is nowhere more marked than in regard to the phenomena of the 
heavens ; since, in that direction, our prévision is proved to be 
perfect. The punctual arrivai of comets and éclipses, with ail their 
train of minute incidents, exactly foretold, long before, by the aid 
of ascertained laws, must lead the common mind to feel that sucli 
events must be free from the control of any will, which could not 
be will if it was thus subordinated to our astronomical décisions. 
The three laws of Kepler forra the foundation of the bigher 
Founâjoiiicm conception to whicli we are next to pass on ; the 
ofCdestùd mechanical theory of astronomical phenomena. By 
Méchantes, |^jjjg ultcrior study, we obtain new déterminations; 
but a more important office of the Mechanical theory is to perfect 
celestial geometry itself, by gîving more précision to its théories, and 
establishing a sublime connection among ail the parts of our solar 
System, without exception. The laws of Kepler, inestimable as 
they are, hâve come to be regarded as a sort of approximation, — 
supposing, as they do, varions éléments to be constant, while they 
are suhject to more or less altération. The exact knowledge of the 
laws of thèse variations constitutes the principal astronomical resuit 
of celestial mechanics, independently of its own high philosophical 
importance. 

SECTION IL 

DYNAHICAL PHENOMENA. 

Gravitation. 

The laws of Motion, more difflcult to dîscover than those of ex- 
Character of tension, and later in being discovered, are quite as 
laKsof Motion, certain, unîversal, and positive in character: and of 
course ît îs the same with their application. Every curvilinear dis- 
placement of any kind of body, — of a star as well as a cannon-ball, 
— may be studied under the two points of view wliich are equally 
raathematical : geometrically, in determining by direct observation 
the form of the trajectory and the law by ,which ils velocity varies, 
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as Kepler dîd with the heavenly bodies; and mechanically, by 
seeking the law of motion wliich prevents the body from pursuing 
ils natural straight cotirse, .and which, combined with its actual 
velocity, niakes it describe its trajectory, which may henceforth be 
known à priori. Thèse inquiries "are evidently equally positive, 
aad in like manner founded npon phenomeua. If we find still in 
use 8ome terms which seem to relate to the nature and cause of 
motion, they are only vestiges of a mode of thinking long gone by; 
and they do not affect the positive character of the research. 

ïhe two motions which constitute the course of the cannon-ball 
are perfectly known to us beforehand ; but we hâve not the geo- 
metrical knowledge of its trajectory, With regard to the star, our 
knowledge of its trajectory compensâtes exactly for the difficulty 
of our preliminary ignorance about its elementary motions. If the 
law of the fall of weights had not been directly established, we 
8hould hâve learned it, indirectly, but no less surely, from the 
observation of the curvilinear motions produced by weight. 

Celestial Mechanics was then founded on a firm basis, when 
Ihrough Kepler's laws, and by the rules of rational . . 

Dynamics, discovery was mnde of the law of direction *** " ^' 
and intensity of the force which must act upon the planet to divert 
it from the tangent which it wonld naturally describe. Thin 
fundamental law once discovered, ail astronomical researches enter 
into the domain of Mechanics, in which the motions of bodies are 
calculated from the forces which impel them. This was the course 
l)liilo8ophically and perseveringly pursued by Newton. 

It does not detract from Newton's merits that Kepler had some 
foiesight of the results of his great laws. He carried their dynamic 
interprétation as far as the science of his day permitted ; and, seeking 
for what could not yet be found, he wandered ofF among fantasies. 
The true precursors of Newton, as founders of dynamics, were 
Huyghens and Galileo, — especially the last : yet history tells of no 
snch succession of philosophical efforts as in the case of Kepler, 
who, after constituting celestial geometry, strove to pursue that 
science of celestial mechanics which was, by its nature, reserved for 
a future génération. As the means were wanting, he failed ; but 
the example is not the less remarkable, 

The first of Kepler*s laws proves that the accelerating force of 
each planet is constantly directed towards the sun. The accelerat- 
ing force, however great it may be supposed, does not at ail affect 
the magnitude of the area which would be described in a given time 
by the vector radius of the planet, in virtue of its velocity, if its 
direction passes exactly through the sun, while it would inevitably 
change it on any other supposition. Thus, the permanence of this 
area, — ^the first gênerai datum of observation, — discloses the law of 
direction. The great difficulty of the problem, gloriously solvéd by 
Newton, lies in the discovery, by means of Kepler's other two theorems 
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of tlie law of the iatensity of this action, which we speak of as 
exercised by the sun oq the phmets. 

When Newton began to work on thîs conception, he took 
Kepler's third law as his basis, supposing the orbits, as he might do 
for such a purpose, to be circùlarand uniform. The solar action, 
equal, and opposed to the centrifuojal force of the planet, thus 
became necessarily constant at the différent points of the orbit, and 
could not vary but in passîng froni one planet to another. This 
variation between one planet and another was provided for by the 
theorema of Huyghens relating to the centrifugal force in tlie 
circle. Thîs force being in proportion to the relation between the 
radius of the orbit and the square of the periodic time, must vary 
from one star to another inversely to the square of ils distance 
from the sun, in virtue of the permanence which Kepler showed 
to exist of the relation between the cube of tliis distance and 
this same square of the periodic time, for ail the planets. It was 
this mathematical considération which put Newton in the way oc 
his great discovery, and not any metaphysical reasonings, sucli as 
prevailed before it, and which probably never entered his mind, 
one way or another. 

There remained the diflSculty of explaining how this law of the 
variation of the solar action agreed with the geometrical nature of 
the orbits, as exhibited by Kepler. The elliptical orbit presented 
two remarkable points, — the aphelion and the perihelion, in which 
the centrifugal force was directly opposed to the action of the sun. 
and consequently equal to it ; and the change in this action there 
must be at the same time more marked. The curve of the orbit 
was evidently îdentical at thèse two points ; the action then had 
simply to be measured, according to Huyghens' theorems, by the 
square of the correspond ing velocity. Thence, it was easîly deduced, 
from Kepler s finst law, that the decrease of the solar action, from 
the perihelion to the aphelion, must be inversely to the square of 
the distance. Hère was a full confirmation of the law whicli 
related to the différent planets by an exact comparison between the 
two principal positions of each of them. Still, however, the elliptical 
motion had not been considered. Any olher curve would, thus far, 
hâve served as well as the ellipse, provided its two extremities had 
shown an equal curvature. The remaining portion of the démonstra- 
tion, — the measurement of the solar action throughout the extent 
of the orbit, — is to be obtained only by transcendental analysis. The 
process is necessary for carrying on the comparison of the solar 
action and the centrifugal force ; and the theory of the curvature of 
the ellipse is required. Huyghens made a near approach to the 
principle of this great process ; but it could not be completed without 
the aid of the differential analysis, of which Newton was the 
inventer, as well as Leibnitz. By the aid of this analysis, the force 
of the solar action in ail parts of the orbit is easily estlmated, iu 
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varions ways ; and ît îs fonnd to vary înversely to tlie sqnare of the 
distance, and tliat it îs independent of tlie direction. NewtorCa 
Furtheroiore, the same method showa, in accordance démonstration. 
witli Kepler's tliird law, that the action varies in proportion to 
distance alone ; so that tlie sun acts upon ail the planets alike, 
wliatever may be their. dimensions, their distance only being the 
circumstance to be considered. Thus Newton completed bis 
démonstration of the fimdamental law that the solar action îs, în 
overy case, proportionate, at tlie same distance, to the mass of the 
])lanet ; in the same way that, by the ideutîty of the fall of ail ter- 
lestrial bodies in a vacuum, or by the précise coincidence of their 
oscillations, proof had already been obtaîned of ihe proportion 
between their weight and their masses. We thus see liow the 
three laws of Kepler bave concurre<l in establishing, according to 
tlie rnles of rational mechanics, tins fundaraental law of nature. 
The first shows the tendency of ail the planets towards the snn ; 
the second shows that this tendency, the same in every direction, 
changes with the distance from the sun, înversely to its square; 
and the third teachesthat this action îs al ways simply proportionate, 
the distance being equal, to the niass «of each planet. In accord- 
ance with the laws ot Kepler, which relate to the whole interior of 
our System, the same theory applies to the connection between 
the satellites and their planets. 

Newton thought ît necessary to complète bis démonstration by 
presenting ît in an inverse manner ; that is, by determining à priori 
the planetary motions which must resuit from such a dynamic law. 
Tlie process brought him back, as ît must do, to Kepler's laws. 
Besides furnishing some means of simplifying the study of thèse 
motions, this labour proved that, whereas, by Kepler's laws, the 
orbit might hâve had more figures than one, the ellipse was the only 
one possible under the Newtonian law, 

It was once a great perplexity to some people, which others could 
not satisfactorily explain, that when the planet îs oiddifficuUy 
travelling towards its aphelion we cannot say that ît cxpiaintd. 
tends towards the sun. But the difficulty arose out of the ose of 
inappropriate language. ïhe question is, not whether the planet is 
iiearer to the sun than it lately was, but whether ît îs nearer than it 
would bave been without the force that sends ît forward. It îs 
always tending towards the sun to the utmost that îs allowed by the 
other force to which ît is subjected. The orbit is always concave 
towards the sun ; and ît would evidently bave been însurmountable 
if the trajectory could hâve been convex. In the same way, when a 
bomb ascends, its weight îs not suspended or reversed : ît always 
tends towards the earth, and is, în fact, falling towards it more rapîdly 
every moment, even îf ascending, because ît is every moment further 
below the pointât which ît would bave been but for the action of tbc 
earth upon it ; and îts trajectory is always concave to the ground. , 
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I liave tlius far carefiilly avoided gîvîng any name to tlie tendency 

T«rm Attrac- ^^ ^'*® planets towards tlie sun, and of the satelliteH 

tion tnarfmw- towaids the planetfl. To call it attraction would Iw 

'*^- misleading; and we, în truth, can know nothing of 

its nature. AU tbat we know îs that thèse bodies are connected, 

and that their effect upon each other is mathematically calculable. 

It is by qui te another property of Newton's great discovery that this 

effect is explained, in the true sensé of the word, — that is, compi-e- 

hended from its conformity witli the ordînary phenomena whicli 

gravity continually produces on the surface of our globe. Let us 

now see what this property of the discovery is. 

We owe a great deal to the moon. If the earth had no satellite, 
we might calculate the celestial motions by the rules of dynamics, 
but we could not connect them with those which are under our 
immédiate observation. It is the moon which affords this connec- 
tion by enabling us to establish the identity of its tendency towards 
the earth with weight, properly so called : and from this knowledge, 
we bave risen to the view that the miitual action of the lieavenly 
bodies is nothing else than weight properly generalized ; or, putting 
it the other way, that weight is only a particular case of the gênerai 
action. The case of the moon is susceptible of the most précise 
testitig. The data are known ; and by dynamical analysis, the 
intensity of the action of the earth upon the moon is exactly ascer- 
tainable. We hâve only to suppose the moon close to the earth, 
with the due increase of this intensity, înversely to the square of the 
distance, and compare it with the intensity of weight on the earth, 
AS manifest to us by the fall of bodies, or by the pendulum. A 
coincidence between the two amounts to proof ; and we hâve, in fact, 
màthematical démonstration of it. It was in pursuing this method 
of proof that Newton evinced that philosophical severity which we 
find so interesting in the anecdote of lus long delay, because he 
could not establish the coincidence, wliile confident that he had dis- 
covered the fact. He failed for want of an accurate measurement 
of a degree on the earth's surface ; and he put aside this important 
part of his great conception till Picard's measurement of the earth 
enabled him to establish his démonstration. 

The identity of weight and the moon's tendency towards the 
Extentefthe earth places the whole of celestial mechanics in a 
denumstmtion. ^gw light. It shows US the motions of the stars as 
exactly like that of projectiles which we hâve under our immédiate 
observation. If we could start our projectiles with a sufficient and 
continuons force, we should, except for the résistance of the air, find 
them the models of the planetary systera : or, in other words, 
astronomy bas becorae to us an artillery pi'oblem, simplified by the 
absence of a resisting médium, but complicated by the variety and 
plarality of weights. — If our observation of weight on our globe bas 
helped us to a knowledge of planetary relations, our celestial obser- 
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vatîons liave in turn taught us the law of the variation of weîglit, 
imperceptible in terrestrial phenomena. Men had ahvays conceived 
weight to be an inaltérable property of bodiea, ânding that no 
metamorphosis, — ^not even frorn life to deatli, — made any change 
in the weight of a body, while it remained entire. This was the 
one particular in whîch men niîght suppose they had found the 
Absolute. In a moment, tlie Newtonian démonstration overthrew 
ihis fast-rooted notion, and showed that weight Wiis a relative 
quality, — not under the circumstances in which it had hitherto beeri 
observed, but under the new one, — the position of the observed 
body in the System, — its distance from the centre of the earth, ïhe 
human mind could hardly hâve sought out this fact directly : but, 
once revealed in the course of astronomical study, the vérification 
easily foUowed ; and experiments on our own globe, in the vertical 
direction, and yet more in the horizontal, hâve established the 
reality of the law, by experiments too délicate, from the uecessity 
of the case, to be appréciable, if we had not known beforehand what 
différences must be found to exist. 

It is to express briefly the identity between weight and the 
accelerating force of the planets that the happy term j,^^ Gravi- 
Gravitation has been devised. ïhis term lias every tation «7106- 
merit. It expresses a simple fact, without any refer- Jectumabu, 
ence to the nature or cause of this universal action. It affords the 
only explanation which positive science admits ; that is. the connec- 
tion between certain less known facts and other better known facts. 
Since the création of this term, there has been no excuse for the 
eontinued use of the word attraciion, It is désirable to avoid ped- 
antry in language ; but it is of high importance to préserve pure the 
positive character of so fundamental a conception as this, by using 
a term which expresses exactly what we know, and dismissing one 
which assumes what is purely fanciful, and wholly incorrect. 
Attraction is a drawing toivards. Now, when we draw anything 
towards us, the distance is of no importance : the same force draws 
ihe same body with equal ease three feet or thirty feet, which is 
directly contradictory to the facts of gravitation. Our business is 
with the fact of the action, and not at ail with its nature. It was 
the use of this metaphysical term, it now appears, which occasioned 
the opposition that the Newtonian theory encountered so long, and 
especially in France. Descartes had» by laborious efforts, banished 
the notions of occult qualities, whicli he perceived to be so fatal to 
science ; and in this theory of attraction, his followers saw a falling 
back into the old metaphysical delusions. We perceive this in the 
writings of John Bernouilli and Fontenelle : and it appears that the 
clear and positive scientific intellect of France did good service in 
fltripping otf from the sublime discoveiy of Newton the metaphysical 
appearance which obscured its reality for a time. 

One more considération remains to be adverted to. We bave 
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regardeJ tlie heavenly bodies tlins far a8 poînfs, wîtliont référence to 
Ch-avitation ^^^^"' forms and dimeiïsions. Butas it îs proved that 
iiihatof tbe intensity of the action of the siin on the planets, 
"*^'^**^"^' and of the planets on their satellites, îs proportioned 
to the mass of the body acted upon, it îs clear that the force opérâtes 
directly only on molécules, which are ail independently affected by 
it ; and equally, their distance being the same. The gravitation 
of molécules îs therefore the only real one ; and that of masses 
îs simply its mathematical resuit. In the mathematical study of 
motions however it îs necessary to bave a conception of a single force, 
instead of such an infinity of eleraentary actions: and hence arîses 
ihat preliminary part of celestial meclianics which consists în com- 
pounding în one resuit ail the mutual gravitation of the molécules 
of two stnrs. Newton founded this portion, witli ail the rest ; and 
the two theorems which he estahlished for the pur[)ose still remain 
the commonest expression of this important tbeory. He proved 
that if the stars were truly spherical, and their strata were homo- 
geneous, the gravitation of their particles would be so balanced that 
ihe bodies mîght be treated as points, in the study of their motions 
of translation. But the irregularîty of their forms, however slîght, 
must be considered in tbe theory of their rotations, to which thèse 
theorems cease to be applicable. For any other form than the 
sphère, the problem becomes very complicated ; and the analytîcal 
<lifficulties can be surmounted only by approximation, notwîth- 
«tanding ail the perfections introduced into the theory in récent 
times. And unless we coiild also learn what is the law of densîty 
in the interior of the stars, — ^a kind of knowledge which seems 
to be for ever beyond our reacli, — we cannot attain a perfect 
solution. 

The fundamental law of Eational Mechanîcs, which déclares the 
Seeondary Dccessary equalîty of action and reaction, shows that 
gravitation, gravitation must be mutual, — that thesun must tend 
towards tlie planets, and the planets towards their satellites. The 
extrême inequality of the masses renders the ascertainment of the 
inverse gravitation extremely difBcult ; yet its reality is established 
by varions seeondary phenomena. The gravitation of the planets 
towards each other is a necessary part of tlie whole conception ; but 
it was not mathematically demonstrated till Newton's successors 
deduced from it an exact explanation of the perturbations ob- 
served în the principal motions of the planets. Their labours 
bave established seeondary gravitation as positively as the 
j)riraary. 

Thus bas every kind of proof concurred to establisb that great 
fundamentcil law which is the noblest resuit of our aggregate studies 
of nature. Ail the molécules of our system gravitate towards each 
other, in proportion to their masses, and inversely to the squares of 
tlieir distances. 
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I (lare not, ns mnny do, confidently extend the application of this 
)aw to tlie enlire uni verse. Tliere can be no objec- Domain of 
lion to entertnining it analogically till we obtain some ^^w. 
knowledge of the mechanîsm of the sîdereal heavens ; but we mnst 
reraember that we bave not yet that knowledge, and that we cannot 
j)roraÎ8e ourselves that we ever shall. Withont the phenomena of 
niir own System, the theory of its motions would be only an întel- 
lectnal exercise and sport : there can be no positive science apart 
from plienoraena, and of the phenomena of the unîverse beyond our 
own System we are not in scientific possession* It must be under- 
Rtood that I advocate sîmply a suspension of judgment where there 
is no grotmd for either affirmation or déniai. I merely désire tô 
keep in vîew that ail onr positive knowledge is relative; and, in my 
<lread of onr resting in notions of anything absolute, I would venture 
to say that I can conceive of such a thing as even onr theory of 
gravitation being hereafter superseded. I do not think it probable ; 
and the fact wiil ever romain that it answers completely to our 
présent needs. It sustains us, up to the last point of précision that 
we can attaîn. If a future génération should reach a greater, and 
feel, in conséquence, a need to construct a new law of gravitation, it 
will be as true as it now is that the Newtonian theory is, in the 
midst of inévitable variations, stable enough to give steadiness and 
confidence to our understandings. It will appear hereafter liow 
inestimable this theory is in the interprétation of the phenomena of 
tlie interior of our System. We already see how much we owe to 
it, apart from ail spécifie knowledge which it bas given us, in the 
advancement of our philosophical progress, and of the gênerai édu- 
cation of hunian reason. Descartes could not rise to a mechanical 
conception of gênerai phenomena without occupying himself with 
a baseless hypothesis about theîr mode of production. This was, 
(loubtless, a necessary process of transition from the old notions of 
the absolute to the positive view ; but I00 long a continuance in 
this stage would hâve seriously impeded human progress. ïhe 
Newtonian discovery set us forward in the true positive direction. 
Jt retains Descartes* fundamental idea of a Mechanism, but casts 
îiside ail inquiry into its origin and mode of production. It shows 
])ractically how, without attempting to penetrate into the essence of 
lïhenomena, we may connect and assimilate them, so as to attain, 
with précision and certainty, the true end of our studies, — that 
exact prévision of events which à priori conceptions are necessarily 
imable to supply. 

* M. Comte omits hère ail notice of such positive applications as we are able io 
make in Sidereal astronomy. He takes no notice of the fact that the motion of 
the multiple stars in elliptical orbits, and in accordance with Kepler's law of the 
velocities, demonstrates the existence of a law of force, according to the inYerw 
«quare of the distance. — J. P. N. 
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CHAPTER IV. 

CELESTIAL 8TATICS. 

Kbpler's laws coDnected celestîal plienomena to a certain degree, 
CoTuummaHoii bcfore Newton's theory was propounded : but they left 
bp Newton, ^liis imj)eifection, — that phenomeiia which ranked 
UDder two of thèse laws had no necessary connection with eacli 
other. Newton brouglit under one head ail tlie tliree classes of 
gênerai facts, unitiug them in one more gênerai still ; and since 
that time we hâve been able to percèive exactly the relation betweeii 
any two of the phenomena which are ail connected with the common 
theory. As far as we can see, there is nothing more to gain in this 
direction. 

We hâve seen what this great conception is in itself. We hâve 
now to observe its application to the mathematical explanation of 

staticai can- celcstial phenomena, and the perfecting of their stiidy. 

sideraiumt. p^y ^jjjg purpose, we will recur to om* former division 
of Bubjects, and contemplate the phenomena of planets as immov- 
able first, and of planets in motion afterwards; the statical 
phenomena first, and the dynamical afterwarda 

To know the mutual gravitation of the heavenly bodies, we must 
know their masses. Siich knowledge once appeared inaccessible 
from its very nature ; but the Newtonian theory bas put it withiu 
our power, and furnished us with a v\rholly new set of ideas about 
thèse bodies. There are three ways in which the inquiry bas been 
prosecuted, ail differing from each other, both in generality and in 

Firatmetkod siïïiplicity. The first method, the most gênerai, the 

of inquiry only ouc in fact which is applicable to ail cases, is 

%nto masse». |.j^g mo^t diflScult. It consists in analyzing the spécial 
share of each body in the perturbations observed in the principal 
motions of another, — both of translation and rotation. Hère two 
éléments are concerned, — the distance, and the mass of the star in 
question. The first is well known, the other is not ; and only an 
approximate deteriui nation is possible. It is difficult to apportiou 
the shares in the action ; and geonieters place little dependencè on 
the computation of masses obtained by this method, in comparisou 
with that obtained by either of tlie others. 

Nearest in generality to this first method is that which Newton 
employed with regard to planets that had a satellite ; that of corn- 
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|>aring tlie motion of tbe satellite round tlie planet with that of the 
planet round the sun. The law which détermines the _ j ,. . 

' ,. , ^, T . , . 1 • «x w Second methoa. 

nction by the distance bemg compared, m its résulta, 
in the two cases, gives the relation of the masses of the sun and the 
planet. The mass of Jupiter, determined by Newton in this way, 
has undergone little change of statement by methods since em- 
ployed ; and what différence there is is almost whoUy owing to the 
data of the process being now better known. 

The third method is the most direct and simple of ail ; but it is 
the most restricted, as it is necessarily cônfined to meOiod. 

the planet inhabit ed by the observer. It consists in 
estimating the relative masses by the comparison of the weîghts 
Tvhich they produce. If we knew the mass of any planet, we should 
know what would be the weight of things on its surface, or at a 
given distance; and reciprocnJly, the weight being known, we are 
able to estimate the mass. With the pendulum, we hâve measured 
terrestrial weight with absolute précision ; and, diminishing it, 
inversely to the square of the distance, we shall know its value at 
the distance of the sun. We hâve then only to compare it with 
the amount, before well known, which expresses the sun s action 
upon the earth, to find immediately the relation of the mass of the 
earth to that of the sun. With regard to every other planet, on 
the contrary, ît must be the estimate of its mass which would yield 
that of its correspond ing gravity. AU thèse methods being practi- 
cable in the case of the earth, its mass, in comparison with that of 
the sun, must be considered the best known of ail within our System. 
The mass of the moon, and that of Jupiter, are now estimated 
almost as perfectly ; and those of Saturn and Uranus come next. 
We are less sure about the other three which hâve been calculated, 
— Mercury, Venus, and Mars ; thougli the uncertainty about theni 
cannot be very great. Of the telescopic planets and the comets we 
know scarcely anything, owing lo their extrême smallness, which 
precludes their exerting any sensible influence on perturbations. 
Comets pass, during their prodigious course, near very small starë, 
suçh as the satellites of Jupiter and Saturn, without producing iany 
perceptible dérangement. As for the satellites, we hâve no know- 
ledge except of the moon, and approximately, of those of Jupiter. 
No comparison of results has as yet exhibited any harmony what- 
ever between them. Tlie only ^ssential circumstance which they 
présent is the vast superiority of the size of the sun to the whole 
contents of the system. Those en tire contents, if thrown together, 
would scarcely amount to a thousandth part of the mass of the sun. 
Looking abroad from the sun, we see alternating, without any 
visible order, hère decreasing, there ihcreasing masses, We might 
hâve supposed, à priori, as Kepler did, that the masses were 
regitlarly connected with the volumes (which are themselves 
^irregular however), so that the mean densîties should be contîii- 
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tuilly les8 în mathematîcal proportion to tlieir distances from tli« 
Run. 'But, independently of this nnraerical law, which is never 
exactly obaerved, the simple fact of the decrease of densîty présents 
fiome exceptions, in regard to Uranus, among others. No rational 
ground can be assigned for this. 



SECTION I. 

WEIGHT OP THE BARTH. 

Theçe are the means by which the niasses of the bodies of our 
Wéight of systeoi are ascertained. The remaining process is to 
theeartk. bririg them into relation with our estimâtes of weîght, 
by ascertaîning the total weight of the earth. Bouguer was the 
first wlîo distinctly perceived the possibility of snch an estimate, 
during his scientific expédition to Pern, when he found that the 
neighbourhood of vast mountains slightly affected the direction of 
weight. We see how, in accordance with the law of gravitation, a 
considérable mass, regarded as condensed in its centre of gravity, 
raay affect the plurabline, however sliglitly, if it be bronght close 
enough, subjecting it to a secondary gravitation, which affords data 
for a comparison between the action of the earth and that of the 
mountaîn. By this, sonie estimate may be formed of the propor- 
tion of the mountain to the globe. In the time of Bouguer science 
was not advanced enough to admit of more than the conception of 
how the thing could be donc. Half a century later, Maskelyne 
observed the moimtain Schehallion in Scotland, and found that it 
occasioned an altération in the natural direction of weight of from 
five to six seconds ; and Hutton deduced from this that the weight 
of the earth. is equal to four and a half times that of a similar 
volume of distilled water at its maximum of density. Anything 
like exactness, however, is out of the question while there must be 
KO much uncertainty about the weight of the mountain, which can 
be calculated only from its volume. 

When Coulomb had invented his Torsion Balance, întended to 
raeasure the smallest forces, Cavendish saw how the earth niight be 
weighed by comparing it, by means of this balance, with artificial 
masses w^hich might be computed. By his îmmortal experiments, 
he discovered the mean density of our globe to be five and a half 
times equal to that of water ; whence we can, if we think proper, 
deduce the weight of the earth in cwts. and tons. — We thus obtain, 
among other advantages, some insight into the constitution of our 
jîlobe, which by its positivity, puts to flight many fanciful notions. 
The density of the parts near the surface is so far below the average, 
— water occupying much space, for instance, — that the density 
iiearer the centre must be much above the average. This is iii 
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àccordance with tlie indications of Celestial Meclmiiîcs; and it fur- 
nishes us with one condition of the interior of the globe. There 
can be no void there. What there is we knovv not, further thau 
that it must be something consistent with the condition of superior 
density. 

SECTION IL 

FORM OF THE PLANKTS. 

The next great statical inquiry relates to tho form of the heavenly 
bodie8,asdeduced from thetheory oftheirequilibrium. Fwmoftht 
Geometers suppose the planetary bodies to hâve been pianeu. 
original ly fluid, because their equilibrium can tlius consist witii 
only one form ; whereas, if they had been always solid, as our eartli 
is now, their equilibrium might bave been compatible with auy 
form whatever. Several phenomena indicate tiiis supposition, and 
it agrées remarkably with the whole of our direct observations. 

If the planets had no motion of rotation, their being perfectly 
Rpherical would accord with the equilibrium of their molécules : 
but the centrifugal force engendered by the rotation must necessarily 
modify the primitive form, by altering, more or less, the direction, 
or the intensity of weight, properly so called. Huyghens establisheil 
this with regard to the direction, and Newton with mfficuityof 
regard to the intensity. We thus become easily assured ^^'« inquiry. 
of the gênerai fact of the nearly spherical form of ail the planets, and 
of their being slightly flattened at the pôles : but, when we go 
further, and attempt to estimatc their forms mathematically, and 
learn the précise degree of the flattening at the pôles, the question 
bécomes one of transcendental analysis, and is involved in difficulty 
which can never be entirely surmounted. ïhe inquiry in volves a 
sort of vicions circle, which does not admit of a logical issue, lu 
order to form an équation of the surface, we ought, by thé law of 
equilibrium of fluids, to know the weiglit of the molécules con* 
cerned ; whereas, by the law of gravitation, this can Geometricai 
be ascertained only through the knowledge of the estimate. 
form of the planet, and even of the mode of variation of. ils interior 
density. AU that can be done is to discover whether the proposed 
form fulfils such and such conditions. Maclaurin discovered a 
iheorem, highly valued by geometers, which bas become the basis 
of ail our inquiries on this subject, and which shows that the 
ellipsoîd of révolution precisely fulfils the conditions ôf equilibrium. 
But this supposes the structure of the body to be homogeneons ; 
which it is not, in any case. The labours of geometers bave however 
brought within very narrow limits the possible variations of the 
polar flattening. The resuit with i-egard to the eaith is that th^ 
mathematical rule perfectly agrées with direct observatioii, 
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In the case of the planets we hâve another resource. Tlieir 
Estimatefrom flattenîng affects certain phenomena of perturbation, 
,pei'turhation8. by the study of which we obtaln materials for an 
estima te. Altogether, the calculations and measurements agrée 
more closely than we conld hâve ventured to hope. The only case 
which seems to présent a real exception is that of Mars, which, by 
its magnitude, its mass, and the time of its rotation, sliould be little 
more flattened tlmn the earth ; wliereas, if the observations of 
Herschell are exact, it is almost as much so as Jupiter. — ^We 
must observe, moreover, that though, as Maclaurin bas shown, 
equilibrihm' is compatible with the ellipsoid form, this form is not 
to besupposed the only one : — wîtness, in our own System, the rings 
of Saturn, which are a remarkable example to the contrary: and 
Laplace bas demonstrated how thèse rings could, even in a fluid 
state, be in equilibrium. 

ïlie most useful conséquence of the mathematical theory of the 

Indirect esti- V^^^^^U forms is that it has established an important 

mate of the relation between the value of the différent degrees on 

, taHWaform, ^^le earth's surface and the întensity of the correspond- 

ing gravity, measured by the length of the seconds-pendulum in 

différent latitudes. We can thus, with great ease, multiply our 

indirect observations about the form of our globe ; whereas the 

geometrical estimate of degrees is a long and laborious opération, 

which cannot be often repeated with due care. But, generally 

speaking, the more indirect a measurement is, cceteris paribus, the 

more uncertain it is : and there remains the uncertainty arising 

from our ignorance of the law of interior density in our earth ; so 

that our chief reliance should still beon mathematical measurement, 

conducted with due care. 

An interesting question belongîng to the hydrostatic theory of 

Hfidrostatic ^'^® plauctary forms is of the conditions of stability of 

theory ofpia- equilibrium of the fluids which are coUected on a part 

neiary forms, ^j. ^he whole of the surface of the planets. Laplace 

shows this stability to dépend, undcr ail circumstances, ou the 

densîty of the fluid being less than the mean density of the planet ; 

a view established with regard to the earth by Cavendishs fine 

experiment 

SECTION IIL 

THE TIDE8. 

There remains the question of the tides, — the last important în- 

Question of qwîi? under the head of celestial statîcs. Under the 

the tides. astronomical point of view, this is evidently a statical 

<5[nestîon, — ihe earth being, in that view, regarded as motionless : 

and it is liot less a statical question in a mathematical view, because 

what we are looking at is the figure of .the océan during période 
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of eqnîlîbrîum, without thinking of tlie motions wliîcli prodiiced 
tliat equilibrîum. Moreover, tliis inquiry naturally belongs to the 
study of the planetary forms. 

A particular înterest attaches to thîs question, from its being the 
link between celestîal and terrestrial physics, — the celestinl expla- 
iiatioti of a great terrestrial phenomenon. — Descartes did much for 
us in establishîng thîs. He failed to explain the phenomenon ; but 
he cast aside the metaphysical conceptions which had prevailed 
before, and showed that there was a connection between the change 
of the tîdes and tlie motions of the moon ; and this certaiuly hel{)ed 
to put Newton in the way of the true theory. As soon as it was 
known that the cause of the tides was to be looked for in the sky, 
the theory of gravitation was certain to afFord its true explanation. 
Newton therefore gave out the simple principle that the unequal 
gravitation of the différent parts of the océan towards any one of the 
bodies of our system, and particuhirly towards the sim and moon, 
was the cause of the tides : and Daniel Bernouilli afterwards per- 
fected the theory. The same tiieory answers for the atmosphère : 
but we had better study it in the case of the seas alone ; on account 
of the uncertainty of our knowledge of the vast gascons covering of 
our globe, whose diffnsed mass almost défies précise observation. 

Suppose tfte earth joîned to any heavenly body by a line passing 
through the earth 's centre. It is clear that the point Tkeory of 
of the earth*s surface which is nearest the other body *^« ***»• 
will gravitate towards it more, and the remoter point less, than the 
centre, înversely to the squares of their respective distances. The 
first point tends away from the centre : and the centre tends away 
from the second point ; and in each case the fluid surface must 
rise; and in nearly the same degree in both cases. The effect must 
diminish in proportion to the distance from thèse points in any 
direction : and at a distance of ninety degrees it ceases. But there 
the level of the waters must be lowered because of the exhaustion in 
that place caused by the ovei-flow elsewhere. And hère enters a new 
considération, difficult to manage : — the changes in the terrestrial 
fî:ravity of the waters, occasîoned by their changes of level. — Thus 
the action of any heavenly body causes the océan to assume the 
form of a spheroid, elongated in the direction of that body. Newton 
calculated the chief part of the phenomenon of the tides on the 
supposition of an ellipsoid of homogeneous structure, as he had done 
in estimating the effect of the centrifugal force on the earth's 
figure, substituting for the centrifugal force the différence between 
the gravitation of the centre of the globe and that of its surface 
next the proposed body. After that, Maclaurin*s theorem served 
Daniel Bernouilli for a basis of an exact theory of the tides. 

Thus far, we hâve regarded the tides only as if they were a fixed 
accumulation of waters under the proposed star. This is the 
tnathematiçal basis of the whole question; but the most striking 
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part has yet to be consîdered, — the periodical rîse and full. It ia 
the diurnal motioa of our globe whicU causes tliis rise and fall, by 
carryîng the waters successively into ali the [)Ositions in which the» 
other body can raise or depress thera. Hence arise tl»e four nearly 
equal periodical alteruatious, when the two greatest élévations take 
place duriug the two passages of the heavenly body over the 
meridian of the place, and the lower levels at its rising and settîng ; 
the total period beiug precisely fixed by combiuing the terrestrial 
rotation with tlie proper daily movement of the heavenly body. The 
last indispensable élément of the question is the valuation of the 
powers of the différent heavenly bodies. This calculation is easily 
made from the différence between the gravitation of the centre of 
our globe and that of the extrême points of its surface next the ob- 
served body. Guided by the law of gravitation, we can détermine 
which, among ail the bodies of our System, are those which can par- 
ticipate in the phenomenon, and what is the share taken by each. 
infiuenceof We thus find that the sun by its immense mass, and 
the sun. i\^q nioon by its proximity, are the only ones which 

produce any appréciable tides : that the action of the moon is from 

two and a half to three limes more powerful thaa 
/ moon. ^1^^^ ^j ^j^^ g^^ , ^^j ^j^^^^ consequently, when tli^ 

act in opposite directions, th^t of the moon prevails ; which explains 
tlie primary observation of Descartes about the coincidence of the 
tidal period with the lunar day. 

Thus far, we hâve, consîdered only the effect of a single heavenly 
Composite body upon the tides ; that is, the case of a simple and 
if^uence. abstract tide. The complication is very great, when 
the action of two such bodies has to be considered. But the resources 
of science are sufficient to meet this case, — even deriving from it 
new means of estimating the mass of the sun and moon ; — and alsa 
of calculating the modifications arisiug out of the varions distances oi 
the earth, from either body ; and again, of tracing the changes of 
direction caused by the diurnal movement of the proposed body, — 
whether in accordance with the earth's axis of rotation, or pai'allel 
with the equator, which makes the différence between the tides of 
our equinoctial and solstitiai lunar months. As for the différence 
of the phenomenon in varions climates» the considération of lati- 
tude is the only one which affords much resuit. At the pôles, there 
can of course be no other tides than such as are caused by the flux 
and reflux of waters elsewliere, as the earth has no rotation there, 
The equator must exhibit the tides at their extrêmes, not only on 
account of the diminished gravitation there, but yet more on account 
of the more complète diversity of the successive positions occupied 
by the waters during the daily rotation. Elsewhere the greatness 
ai the tide must vary in proportion to the force of the rotation. 

The mathematical theory of the tides accords with direct obserr 
ration to a degree which is really wonderful, considering how many 
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hypothèses geometers miist hâve recourse to, to make the questions 
calculable at ail, and how many inaccessible data Requisitea f&r 
would be required to make an estimate thorou<çhly txactuvde, 
logical. It would not even be enough to know the extent and forra 
of tlie bed of the océan. Something beyond that in difficulty is re- 
quired,— the true law of density, in the interior of the earth,as with 
regard to the figure of the planets. We ought to know too whether 
the interior strata are solid or fluid, in order to know whether they 
]»articipate in tidal phenomena, and whether they therefore modify 
ihose at the surface or not. Thèse considérations show the sound- 
ness of the advice given by one who was f uU of the true mathematical 
spirit, consisting above ail in the relation of the concrète to the 
abstract, Daniel Bernouilli, who recomrnended geometers " not to 
urge too far the results of formulas, for fear of drawing conclusions 
contrary to truth." 

The comparison between mathematical theory and direct observa- 
tion has uever been carried ont to any advantage, — ^all the measure- 
raents having been taken in the ports, or near the shore. The tides 
in 8uch places are very indirect ; and they cannot properly represent 
the regular tides from which they issue, their force being chiefly 
determined by the form of the soil, — ^at the bottom as well as on the 
surface, — and even perhaps affected by its structure. Thèse are 
incidents which cannot enter into mathematical estimâtes ; and to 
them we must doubtless refer the vast dififerences in the height of 
the tides at the same time, and in nearly the same place, — as, for 
instance, the tides of Bristol and Liverpool, of Granvilleand Dieppe. 
The only way of making an eflFectual direct observation would be 
to note the phenomena of the tides in a very small island, at the 
equator, and thirty degrees at least from any continent, for such a 
course of years as would allow of repeated record of variations as 
repeatedly foreseen. In this way, and in no other, might the mathe- 
matical theory of the tides be verified and perfected. 

Whatever may be the uncertainty with regard to some of the 
data of this great theory, it has that conclusive sanction, — the ful- 
filment of its prévisions ; — a fui filment so exact as to guide our 
conduct ; and ihis, as we know, is the true end of ail science. The 
principal local circumstances, except the winds, being calculable, it 
has been found practicable to assign for each port the mean height 
of the tides and their times ; and thus hâve mathematical déter- 
minations been proved to be sufficiently conformable to reality, 
and a class of phenomena which, a century ago, were regarded as 
inexplicable, hâve been referred to invariable laws, and shown to 
be as little arbitrary as anything else. 

Such are the philosophical characteristics of the three greafc 
questions which compose the statical department of Celestial 
Mechanics. We must next look into the dynamical department, 
as represented by the phenomena of our system. 

VOUL i 
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CHAPTER V. 

CELESTIAL DYNAMICS. 



The principal motion of the planets îs, as we hâve seen, deter- 

mîned by the gravitation of each of them towards the 

^ "'^ focus of its orbit. The regularity of this movement 

miîst be impaîred by the mutual gravitation of the bodies of the 
System. The most strikingof thèse dérangements were observed by 
the School of Alexandria, in the first days of Mathematical Astron- 
omy ; others hâve been observed, in proportion as our knowledge 
became more précise ; and now ail are explained wîth such com- 
pleteness by the theory of gravitation, that the smallest perturbations 
are khown before they are observed. This îs the last possible test 
and triumph of the Newtonian System. 

There ai-e, as Lagrange pointed ont, two principal kinds of per- 
turbations which differ as much in their mathematical theory as in 
the circumstances which constitute them ; înstantaneous changes, 
from shocks or explosions, and graduai changes or perturbations, 
properly so called, caused by secondary gi-avitation, requiring time. 

, , , The first kind may never hâve taken place in our 

System ; but it is necessary to consider it, not oniy 
because it îs of possible occurrence, but because it îs a necessary 
preliminary to the study of the other kind, — the graduai perturba- 
tions being treated theoretically as a séries of little shocka 

The first case îs easy of treatment. No collision or explosion 
would afifect Kepler's laws: and, if the form of the orbit was 
altered, the accelerating forces would remain the same ; and thus, 
the new variation once understood, our calculatîons might proceed 
as before. Supposing a collision between two planets, or the 
breakage of one planet into several fragments by an internai ex- 
plosion ; there raight be any variations whatever in the astronomical 
éléments of their elliptîcal movement ; but there are two relations 
which are absolutely unalterable, and which might, in my opinion, 
generally enable us to establish the reality of such an event at any 
period whatever : thèse are the essential propertîes of the continuous 
motion of the centre of gravity, and the invariableness of the sum 
of the areas, — ^both resting on that great law of the equality of 
action and reaction to which ail changes must conform. From 
thèse must resuit two important équations between the masses, tlie 
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velocîtles, and tlie positions of the two bodîes, or the two fragments oE 
ihe saine body, considered before and after the event. No indica- 
tion at présent leads us to suppose that the case of collision has 
ever occurred in our System ; and it is évident that such an 
encounter, though not mathematically impossible, would be very 
(lifficult. But it is far otherwise with regard to explosions. 

Thelittle planets discoveredbetween Mars and Jupiter hâve mean 
distances and periodic times so nearly identical, that Mr Olbers 
has conjectured that they once formed a single planet, whîch had 
exploded into fragments. Lagrange added a supposition, from the 
irregularity of their form, that the event must hâve happened after 
the consolidation of the primitive planet. When their masses 
becorae known, I think this conjecture may be subjected to mathe- 
raatical proof, — in this way. By calculating the positions and 
successive velocities of the centre of gravity of the System of thèse 
four planets, we might, if they had such an origin, retrace the 
principal motion of the primitive planet. If we should then find 
this centre of gravity describing an ellipse round the sun as a focus 
and its vector radius tracing areas proportioned to the times, this 
event would be as completely established as any fact that we hâve 
not witnessed. We hâve not yet the materials for such a test ; but 
it ia interesting to see how celestial mechanics may establish, in a 
])ositive manner, events like thèse which appear to hâve left no 
évidence behind them. It is obvious that the instantaneous 
character of such a change must preclude our fixing any date for 
it> since the phenomena would be precisely the same, whether the 
explosion were récent or long ago. It is otherwise with regard to 
j)erturbations, properly so called. 

Lagrange believed that thèse explosions had been fréquent in 
our System, and that this was the true explanation of comets, judg- 
ing from thç greatness of their eccentricity and inclination, and 
the smallness of their masses. We bave only to conceive that a 
planet may bave burst into two very unequal fragments, the larger 
of which would proceed pretty nearly as before, while the smaller 
must describe a very long ellipse, much inclined to the ecliptîc. 
Lagrange showed that the amount of impulsion necessary for this 
change is not great ; and that it is less in proportion as the primi- 
tive planet is remote from the sun. This opinion isfar from having 
been demonstrated ; but it appears to me more satisfactory than 
any other that has been proposed on the subject of comets. 

The important and difficult subject of perturbations is the 
princij)al object of celestial mechanics, for the per- Graduai per- 
fecting of astronomical tables. They are of two t'^rhatùtna, 
classes; the one relating to motions of translation, the other of 
rotation. The latter are, as before, the most difficult: but the 
motions of rotation are less altered than the other class, within our 
ovvn System : and they are less important to be known. 
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In the study of motions of translation, the planets must be 
Perturbations treated as if they were condensed in their centres 

of tra)i8lation, q[ o-i'avity. 

The direct metliod, the only ratîonal one, of calculatin<]^ 
the differential équations of the motion of any one planet, 
under the influences of ail the rest, is impractîcable, from the 
unmanageable complication of the problem. It would make an 
inextricable analytical enigma. Geometers hâve therefore been 
obliged to analyze directly the motion of each planet round that 
which is its focus, taking for modification only one at a time. This 
is what constitutes in gênerai tlie celebrated problem of three 

Problem of bodics, tliough thîs dénomination was at first 

three bodies, employed only for the theory of the moon. It is 
easy to see what cîrcumvolutions are involved in this method, since 
the modifying body, being in its turn modified by others, compels 
a return to the study of the primitive body, to understand its 
perturbations. The détermination of the motions of the whole of 
our System must, by its very nature, be a single problem. It is 
the imperfection of our analysis which obliges us to divide it into 
detached problema, and to overload our formulas with multiplied 
modifications. The elementary problem of two bodies, — one of 
thèse even being regarded as fixed, — is the only one that we are 
capable of bringing to a solution ; the problem of the elliptical motion, 
represented by Kepler*s laws ; and hère the calculations are extremely 
laborious. It is to this type that geometers hâve to refer the motions 
of the planets, by extremely complicated approximations, accumu- 
lating the perturbations separately produced by every body that 
can be supposed to exert any influence; and thèse perturbations 
prescribe the séries required for tlie intégration of the équations 
belonging to the case of the three bodies. 

Then foUows the task of choosing the perturbations, which bave 
to enter into the estimate. The law of gravitation enables us to 
compare the secondary influences involved in each case, — the masses 
of ail within our own System being supposed to be known. It is a 
favourable circumstance to mathematical research that our System 
is constîtuted of bodies of very small mass in comparison with the 
sun (making the perturbations extremely small) ; moreover, very 
few, very far from each other, and very unequal in mass ; the resuit 
of ail which is that, in almost every case, the principal motion is 
modified by only one body. If the contraiy had been the case, the 
perturbations must hâve been very great, and extremely varîed, 
since a great number of bodies must hâve powerfully acted in each 
disturbance. Celestial Mechanics must then, we should think, 
bave presented an inextricable complication, being incapable of 
réduction to the problem of three bodies. 

This study of modified motions divides itself into three parts, 
answering, as in a former case, to the planets, satellites and comets. 
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Rîgorously speaking, we ought to make a fourtb case of the sud, 
which cannot hère be regarded as motionless, because the planets 
react upon it. In fact, we cannot allow ourselves to consider any 
point withîn the System as motionless, except the centre of gravîty 
of the System itself, which îs the triie focus of plane- centre oft?ie 
tary motion, and round which the sun itself must SoiarSysUm, 
oscillate, in directions which vary according to the positions of the 
planets. This point is always between the centre and the surface 
of the sun. But we cannot approach nearer to the fact than this : 
we shall probably never be able to indicate this centre precisely ; 
and it is enough for practical purposes, and necessary to them, to 
consider the sim as fîxed, except as to its rotary motion. The same 
conclnsion must be come to with regard to the planets and their 
Katellites, — even in the case of the earth and moon, where the varia- 
tions of the primary body are greatest. The centre of gravîty falling 
within the mass of the primary body, îts variations from that centre 
may be neglected as having no appréciable influence on the motion 
of translation ; and thus, celestial mechanics présents, in this branch, 
no other problems than those treated, under another point of view, 
by celestial geometry. 

The simplest problem is hère, as before, that of the planets, and 
for the same reasons, — the smallness of their eccen- Probim,of 
f ricities, and of the inclinations of their orbits. There *** Planeu. 
is also a considérable uniformity of perturbations, since each planet 
remaining in the same régions of the sky, continues in the same 
mechanical relations, though their intensity varies within certain 
limits. The least privileged of thèse bodies in thèse matters is 
iinhappily our own planet, on account of the heavy satellite which 
escorts it so closely, and to which its chief perturbations are due ; 
though this does not save it from being sensibly troubled by others, 
at the period of opposition, and especially by such a mass as that of 
Jupiter. No other planet with satellites, not even Jupiter, is in so 
unfavourable a case ; for Jiipiter*s motion could not be very much 
(leranged by the action of his satellites, however near în position, 
since the mass of the largest is less than a ten-thousandth part of 
his, while the mass of our moon is a sixty-eighth part of that of the 
earth. Jupiter s circulation is sensibly affected by Saturn alone. 
The simplest case of ail seems to be that of Uranus, from its being 
the last planet, and very remote from the next ; and its six satellites 
do not appear to trouble its motion. 

The problem of the satellites is necessarily more coraplicated than 
that of the planets, on account of the instability of Protiem of 
tlie focus of the principal motion, as in celestial tkeSauuites, 
geometry. Besides their own perturbations, the satellites hâve 
reflected upon them ail those to which their planet is liable. The 
founders of Celestial Mechanics were long perplexed, for instance, 
by the perpétuai accélération of the mean motion of the moon ; it 
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was consîdered înexplicable, till Laplace discovered îts cause ia ihe 
slîght variation to which ihe eccentricity of the earth's orbit îs sub- 
ject In regard to the direct perturbations of the satellites, there is 
an essential distinction between the case of one, and that of several 
satellites. In the first, — the single case of our moon, — ^the disturb- 
ing body is the sun, on account of its unequal action on the planet 
and the satellite. If tbe difficulties arising oui of this position are 
greater than in the case of any other satellite, it is partly because 
the case more immediately concerns us, and because our oppor- 
tunities of observation disclose more fuUy the imperfection of our 
means. For, in the mathematical point of view, there must be more 
complexity in the caseof several satellites ; ail that is true in regard 
to one being true in regard tô each one, with the addition of the 
mutual action of the members of the group. Their perturbations 
are reduced by the preponderating size of their planet ; but from 
there being so many of thera, of such nearly equal sizes and direction, 
and ail so close together, the difficulty of calculating their motions 
is so great that the only theory as yet established is that of the 
satellites of Jupiter. For the motions of three of them, Laplace 
found means completely to account. Those of Saturn and Uranus 
are known only geometrically, we having not even an approximate 
estimate of their masses. It is to be remembered, however, that we 
do not need so perfect a knowledge of them as of the moon ; and 
that a much less exact theory will suffice for them than for the 
moon, whose slightest irregularity is very évident to us. 

The cornets intervene to increase our difficulties about the satellites. 
Probiem of From the extrême prolongation of their orbits, and 
th* Carnets, ^^qI^ inclination in ail directions, cornets are in a state 
of ever variable mechanical i-elations, f lom the number of bodies that 
they approach in their course; whilst the planets, and even the satel- 
lites, bave always the same relations, the variation being only in the 
intensity. ïhe perturbation which, in every other case, bears a 
very small proportion to the gravitation, may, in the case of cornets, 
exceed it ; so that it is conceivable that a cornet might be diverted 
from its orbit, and become a satellite, when it passes near so con- 
sidérable a body as Jupiter, Saturn, or even Uranus. Besides the 
eccentricities of cornets, there are other circumstances, such as their 
small weight, and their possible loss of weight by parting with some 
of their atmosphère to the bodies they approach, which tend to per- 
plex the study of their perturbations. ïhese are the incidents 
which make it so difficult to foresee exactly the return of thèse little 
bodies. When we bave studied them so long and so laboriously as 
to bave, to the best of our belief, mastered tlieir case, we find that 
their periods are entirely changed through one omîtted circumstance, 
A mémorable example of this was the comet of 1770, calculated by 
Lexell. This comet had then a révolution of less than six years: 
but it bas never appeared since, having been entirely deranged by 



FER TURBA TIONS O F ROTA TION. 1 6 7 

passîng too near Jupiter. The imperfection of our knowledge about 
ihese small bodies is from the same cause that renders them of very 
little conséquence to us. From their vast distances, their action 
upon any one body of the System is lîttle more than momentary ; 
and their lightness prevents even the satellites from being aflFected 
by their passage. The passage of the cornet of 1770 among the 
satellites of Jupiter proved tliis, in a striking manner. Their tables, 
constructed beforehand, without any idea of such an incident, per- 
fectly agreed with direct observations ; a proof that the intrusion 
of the cornet did not sensîbly affect their motions. Tliere is, there- 
ibre, no more occasion for the puérile fears of our day than for tlie 
religious terrors of former times, in regard to the passage of cornets, 
ïheir collision with the earth is ail but impossible ; and they could 
not otherwise be felt at ail. Their mère approach, however near, 
could bave no other effect than to raîse somewhat the corresponding 
tide. If a comet could pass two or three times nearer to us than 
the moon (which no known comet could do) its veiy small mass 
could produce no other eflfect than an imperceptible rise of the tides. 
We hâve therefore no immédiate and practical reason to regret the 
imperfection of our cometary théories. 

Passing from the perturbations proper to motions Perturbations 
of translation, we must notice those belonging to f^frotatim. 
rotation. 

The ellipsoîd bodies of our System must, whether they began or 
not, hâve ended, sooner or later, with turning round one of their 
axes, — ^and that one the most stable, — that of their smallest dia- 
raeter : for, as we hâve seen, it is their rotation that bas produced 
their déviation from a perfectly spherical form, and determined the 
direction favourable to stability. The regularity of this rotation is 
evidently so indispensable to the existence of living 
bodies on the surface of a planet, that we might ^p^^^^* 
à priori assert this stability wherever life is possible, from the time 
when it became possible. But, stable as each planet is in itself, its 
mutual gravitation with others must introduce certain secondary 
modifications, the bearing of which must be upon the direction of 
its axis in space. It is only with regard to the earth that thèse 
modifications concern us ; for however great they might be in any 
other body, they could in no way afiect us. 

If the planets were perfect sphères, the total gravitation of their 
particles must pass through their centres of gravity ; and thns, it 
is only through their slîght failure in spherîcity that they can act . 
at ail upon one another's rotation ; that failure being caused by the 
rotation itself. We see hère how the same necessity which secures 
the stability of the rotations, with regard to their duratîon and their 
pôles, détermines, from another point of view, the inévitable altéra- 
tion of the parallelism of their axes. — In our own planet the preces- 
fiion of the equinoxes, modified by the nutation, results from the 
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action of the other bodîes of our System, — especîall y of the snn and 
rnoon, — upon our equatorial protubérance. ïhe power of each body 
is, as in the case of the tides, in the direct ratio of its mass, and 
inversely to the cube of its distance ; so that the sun and moon are 
the only bodies whose influence need be considered. Further, the 
extent of the déviation dépends on the mass and magnitude of the 
earth, on the time of its rotation, on its degree of flattening, and on 
the obliquity of the ecliptic. The intensity of the influence must 
vary, as in the case of the tides, with the variable distance of the 
sun from the earth, and yet more of the moon ; but the want of 
uniformity is too sh'ght to be perceptible to direct observation. — 
Thèse are the gênerai causes which détermine the email changes 
which the rotation of our globe undergoes, in regard to the direction 
of its axis in space. — The case of the other planets bears a gênerai 
likeness to that of the earth, varied according to the différent inclina- 
tions of their axes to their orbits, their position, their mass, their 
size, the duratîon of their rotation, and thedegree of their flattening 
at the pôles. On ail thèse grounds, the perturbations of Mars are 
the most remarkable. 

The rotation of the satellites présents one considération of the 
highest interest, — ^that remarkable equality between 
the duration of this rotation and that of their circuit 
round their planet, by which they présent alvvays the same hémi- 
sphère, except from those very small oscillations called librations, 
whose law is well understood. The fact is absolu tely certain only 
with regard to the moon ; but our mechanical principles justify our 
erecting it into a gênerai law of ail the satellites. Lagrange has 
shown that it results from the prépondérance that, by the action of 
thé planet, the nearer hémisphère must acquîre at the outset, whence 
arises a natural tendency in the satellite to return perpetually to 
the same position. If it is thus with the moon, there is every 
reason to suppose the same fact with regard to satellites belongîng 
to heavier planets, to which they are proportionally nearer. 

Such are the varions kinds of perturbations produced in the 
movements of the bodies of our System, by their mutual action. 
This study may be simplified and rendered much more exact, by 
the device of referring ail thèse movements to a plane whose posi- 

Deviceofan ^^^^ must nccessanly be independent of ail their 

invariable variations. — Among several planes which havebeen. 

plane, pi'oposed, differing in their degrees of variableness, 

M. Poinsot has discovered. one which is the only truly invariable 
one, but which is extremely difiicult to détermine, since it requires 
not only an estimate of the planetary niasses, but data dépendent 
on the mathematical law of the interior density of the heavenly 
bodies, — a law which is still very hypothetical. The theory is 
complète; but its précise application is at présent impossible. 
Whatever may be the practical difficulties, we cannot but feel a deep 
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înterest în seeirig how Celestîal Mechanîcs bas nccoraplished the 
fîxin<ç of an invariable plane in the midst of ail tbe înterior per- 
turbations of OUI* System, as Newton bad first recognized an inaltér- 
able velocity, — tbat of tbe centre of gênerai gravity. Thèse are tbe 
only two éléments in our System which are rigorously independent of 
ail the events tbat can occiir in its interîor ; — of even the vastest 
commotions tbat our imagination can suggest. Siich variations as 
they can be conceived to bave conld relate only to tbe most gênerai 
})henomena of tbe universe, produced by the mutual action of 
différent suns, of which they wonld afford us tbe clearest manifes- 
tation, if such knowledge were within our reach. 

We end tbis study of perturbations with a récognition of tbe 
stability of our own System, in regard to ail its most staUuty of 
important constituent bodies. Setting aside tbe oursystem. 
comets, ail tbe variations whatever of any perceptible value are 
perîodical ; and theîr period is usually very long, while their extent 
is very small ; so tbat the whole of our planetary System can only 
oscillate with extrême slowness round a mean state, from which it 
déviâtes very little. Through ail starry changes the translations of 
our planets présent the al most rigorous invariableness of tbe great 
axes of their elliptical orbits, and of the duration of their sidereal 
révolutions : and their rotation shows a regularity even more perfect, 
in its duration, in its pôles, and even, though in a somewhat small er 
(legree, in tbe inclination of its axis to the corresponding orbit. We 
know, for instance, tbat from tbe time of Hipparchus, tbe length 
of the day bas not varied the bundredth part of a second. Amidst 
ail tbis gênerai regularity, we perceive a spécial and most marked 
Ktability with regard to the éléments which are concerned in the 
continued existence of livingbeings. — Such are the sublime theorems 
of natural philosopby for which bumanity is indebted to the sum 
of the great works executed in tbe last century by tbe successors of 
Newton. 

The gênerai cause of thèse important results lies in the small 
eccentricity of ail the principal orbits, and the small divergence of 
their planes. If the planets bad bad cometary orbits and planes, 
there would bave been no regularity — no periodicity, — and, we may 
ndd, no life upon their surface. No planets can be habitable but 
snch as bave their oscillations restricted within very narrow limits. 

The Matbematical tbeory of celestial mechanics bas taken no 
notice, thus far, of the résistance of any gênerai Résistance of 
médium, in which thèse motions are proceeding. a Médium, 
The conformity of our matbematical tables with observed facts 
i^hows tbat the résistance is imperceptible in degree ; yet, as it is 
manifestly impossible tbat it sbould be null, the geometers bave 
t'iideavoured to prépare beforehand a gênerai analysis of it. Con- 
sidered apart from its întensity, tbis action is of a totally diflferent 
nature from tbat of perturbations, though graduai like them : for 
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it cannot be perîodical, and mnst always be exercised în the same 
direction, so as continually to diminîsh ail velocities, and the more 
the greater they nre. It cannot al ter the positions of the orbîts, 
but can by possibility affect only theîr dimensions, and periodic 
tîmes, and the duration of stations : that îs, it afFects the éléments 
which are spared by tlie perturbations. Thus, the rotations must 
become slower, the orbits must grow smaller and rounder, and their 
periodic times shorter ; because, as velocity diminishes, the solar 
action must become more powerful, and thèse effects ai*e not only 
continuons, but always încreasing in rupidity. So, in a future too 
remote to be assigned, ail the bodies of our system must be united 
to the solar mass, from which it îs probable that they proceeded : 
and thus the stability of the system is simply in relation to the 
perturbations properly so called. Thèse are araong the incontest- 
able indications of Celestial Mechanics. 

As yet, we practically fail to recdgnize the effect of a resîstîng 
•médium. We neither trace its opérations, nor should know how to 
calculate ît if we could trace it. Whenpver we do, it will be by 
the study of comets ; for their small mass, and the great surface 
which they présent to the action of the médium when their atmos- 
phères are widely diflFused, must render its résistance much more 
appréciable than in the case of planets, — their velocity being besides 
naturally at its maximum at the moment of thîs expansion. Some 
contemporary astronoraers believe that they hâve establîshed the 
effect of this résistance in regard to one or two comets. Hitherto 
the study of thèse bodies seems to be only negatively useful, to 
prevent the return of the absurd terrors which they formerly occa- 
sioned. We now see that there is no body in our system, however 
insignificant, whose theory may not offer to us a direct and positive 
înterest, since we may owe to comets the knowledge of one of the 
most important gênerai law^s of the system to which we belong, aud 
that which, in a remote future, must chiefly rule its destinies.* 

Id our geometrical review we saw, by the agreement of astro- 

independence womical tables with direct observation, that our system 

of the solar is indepeudeut of ail that lies outside. This incon- 

êyaum. testable truth is confirmed by the mechanical view. 

If our System gravitated towards any of the suns outside, the action 

of other suns would nearly neutralize the tendency. Again, ît 

would be only by an unequal action of those suns upon our planets 

that any change could be occasîoned. Agaîn, the vast distances 

would, according to our law of gravibition, make the action of 

remote suns imperceptible. The nearest body, if a million times 

heavier than our system, would produce an effect incalculably 

smaller than the action which occasions our tides. We may there- 

fore pronounce the independence of our System to be perfectly 

* M. Comte estimatea too lightly the indications of a médium given by Eackv's 
cornet — J. P. N. 
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oerlain. I notice this LecaiiRe we seem lo find Iiere tlie only excep- 
tion to the greiit encyclopetHcnl law wliich ia the basis of tins 
wovk, — that the most gênerai plieDomena rule tlie most particular, 
without beîng in any degree reciprocally infliienced. Thus our 
ustronomical phenomena regtilate tliose of our own globe, — whether 
physical, chemîcal, physioIogicaJ, or social. Tet lieie we find that 
tlie phenomena of the universe hâve no influence over those of 
the Bolar System. There ia no dîfficulty about this to persons wbo, 
like myself, admit that our researches are limited by the boundarie» 
of our own eystem, and that positive knowledge cannot go beyond 
it. The Rtudy of the univeree formsno part of natiiral philosophy : 
a truth whicli will become more apparent, and be seen to be more 
important the fnrther our studieB extend. 

At the close of this brief review of celestial dynamics, we see that, 
great as are the achievements since Newton's time, we are rerainded 
ia many directions of the imperfection whîch results from the 
inaufiBciency of our mathematical aualysïs. In tlie exécution of 
netronomical tables ît bas to borrow from celestial geometry other 
aid than the estimate of indiapensable data, derived from direct 
observation; and this in regard not onlyto bodieswhose mechanical 
theory ia but jiist initinted, but with regard to some with which we 
are best acquainte<l. 

We see however that besides the sublime direct knowledge 
affbrded to us, celestial dynamics bave powerfuljy con- AdHevemtna 
tributed to perfect the wbole l)ody of astroiiomical ofCeiatifU 
théories in regard to their définitive aim,^ — the exact -Dj^amte». 
prévision of the etate of the heavens at any period whatever, paet or 
future. Kepler's laws might siiffice to détermine the state of our 
pystem for a short time, proper data being chosen ; but if we wisli 
to extend the inqiiiry, back or forwards, to any considérable period, 
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CHAPTER VI. 

SIDEREAL ASTRONOMY AND COSMOGONT. 

The only branch of Sidereal Astronomy wliich appears to admit of 

exact study is that of the relative motions of the 
^P '•*• Multiple Stars, first discovered by Herschell. By 
multiple stars astronomers understand stars very near each other, 
whose angular distance never exceeds a half minute, and which, for 
thîs reason, appear to be one, not only to the naked eye, but to ordi- 
nary télescopes, only the most powerful lenses being able to sepai*ate 
them. The relative movements of thèse stars tend to deceive us 
as to their précise multiple character, as, for instance, by mutual 
occultations, which do not permit us to separate them. Among 
some thousands of multiple stars registered in the catalogues, before 
the southern heavens had been really explored, almost ail were only 
double, and we hâve found none which are more than triple, — a 
cîrcumstance which may be owing solely to the imperfection of our 
télescopes, as we knew of none but single stars before HerscheU's 
lime. However interesting the study of them is, they constitute 
only a particular case in the universe, as the intervais of the stars 
which compose them are probably much smaller than those which 
divide the suns of the universe, so that the study of their relative 
motions does not lead us up to any of the great gênerai phenomena 
of the heavens, and the speciality would be more conspicuous if as- 
tronomers did what I think they ought, — form their catalogues of 
those double stars only whose motions they hâve fuUy established. 
With regard to others, we cannot be sure whether their duality is a 
real relation or an accident. Knowing nothing whatever of their 
interval, or of the distance of either of them from us, we cannot be 
sure whether they form a System any more than any other two stars 
combined by chance in the heavens. Because a few incontestable 
examples are before us of a binary System, in which the smaller 
circulâtes round the larger, it is anything but philosophical to con- 
clude the same to be the case with the whole multitude of double 
stars, some of which may appear so merely through an accident of 
position, apparent only to our own System. Analogy is not appli- 
cable hère ; as what looks like analogy is merely the imperfection of 
our investigations. No astronomer would venture to assert that if 
our télescopes were what they may one day become, we might not 



MULTIPLE STARS. 173 

find between stars now apparently îndependent a multitude of 
clustered intermediate stars wliich should reuder the case of dualîly 
alinost gênerai. The apparent nearness would not then be a suffi- 
cient ground for presnming their mutuel révolutions, because it is 
in virtue of their very small number that analogy now suggests that 
presumption. ïhe only positive study in sidereal astronomy is that 
of the known relative motions of certain double stars, at présent not 
more than seven or eîght in number. We could never hope to 
assign with accuracy their orbits, or their periodic times, or any 
solid basis for dynaraical conchisions.* The importance of such 
inquiries is much diminished by the considération that our system, 
which, in such a case, means our sun, belongs to no groups of the 
kiud, — either investigated or merely pointed out. This circumstance 
seems to me not at ail accidentai ; for, if our System made a part of 
a double star, which it isnot difficult to imagine, it would probably 
be impossible for us ever to be aware of the other part of such a 
duality, because in the direction of the sun it would be so near that 
its light would be lost to us in that of our sun. Such a case might, 
however, bave a scientific interest for us, not only as elucidating 
the displacements of our System, but as allowing such great précision 
as might arise from the position of the inquirer on one of the stars 
of the couple. 

The first of the few orbits of double stars known to us wns 
investigated by Savary. They ail présent a very considérable 
eccentricity, the smallest of which is double, and the greatest four 
times gi-eater than that of the most eccentric in our System. Of 
their periodic times, the shortest slightly exceeds forty years, and 
the longest six hundred. We cannot perceive that the eccentricity 
and the duration bear any fixed relation to each other, and neither 
seems to dépend at ail on the angular distance of tlie respective 
pairs of stars. This is the sum of what we know about the 
double stars; and unless we could learn something of their 
linear distance from our system and from each other, our con- 
ceptions can neither be accurate nor of great importance. M. 
Savary bas proposed a method, founded on the known velocîty 
of light, by which thèse distances will, if ever, be estimated : f but 
the uncertainty of some of the éléments which must enter into the 
question is so great that the most that can be hoped for is the fixing 
of certain limits within which the real distance may be supposed to 
lie : and this is ail that M. Savary himself proposed. At présent, 
we know only the nearer limit, beyond which, not only the double 
stars, but the whole starry host, are known to lie. 

* M. Comte quite underrates the importance of the phenomena of the multiple 
stars. The orbits of a very considérable number are now distinctly ascertained, and 
the laws of motion in their orbits. The existence of a motion of révolution is fixed, 
with regard to the far greater number. — J. P. N. 

t They are calculated ; but by strictly geometrical methods. 
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Proceedîng now to ascertain what we may rationally conceîve of 
Oxer Co9- OUF own cosmogony, I need hardly say that we miist 
mogony, pi||; aside altogether any notion of création, as 
iinintelligîble, — ail that we are able to conceive of beîng sucœssive 
transformations in the sky ; and of thèse, only such as hâve pro- 
duced its présent state. Hère, again, we find our own System to be 
the only snbject of knowledge. We are in possession of some facts 
in regard to ît which may bear testîmony to its immédiate origin ; 
but we can form no reasonable conjectures about the formation of 
the suns themselves. ïhe phenomena necessary for such a purpofie 
are not only not explored but not explorable. Whatever may be 
the înterest of Herscheirs curions observations on the progressive 
condensation of the nebulsB, they do not warrant bis conclusion of 
their transformation into stars ; * for from such a conclusion mnst 
flow conséquences about form and motion which must be in har- 
mony with established phenomena ; and of thèse we bave absolutely 
none. 

The begînning of positive cosmogony was when geometers, pur- 
Origin of suiug the mathematical theory of the figures of the 
Positive planets, showed that they were originally in a state of 
Coimogony. fluidity. We caunot go further back than this : and 
we must set ont with an existing sun, turning on its axis with an 
indeterminate velocity, admitting, for the formation of the planetary 
System, no agencîes which we do not now see at work,in the pheno- 
mena which we habitually witness, tliongh they may bave wrought 
formerly on a larger «cale. Thèse i*estrictions are indispensable to 
the scientific character of the inquiry; and, after ail, our cosmogonie 
théories, however guarded, must i*emaîn essentially conjectural, if 
cver so plausible. No mathematical principles can enter hère as 
into celestial mechanics, leading us up to a defioite theory and 
excluding every other. No abstract theory of formations is possible ; 
and the utmost we can do is to collect such information as can be 
had, construct hypothèses from ît, and compare them carefully and 
contînuously with the whole of the phenomena that we explore. 
Such hypothèses, whatever degree of consistency they may attain, 
can never, like the law of gravitation, take rank among gênerai 
facts : for we can never be sure that some other hypothesis may not 
turn up which would equally well answer the présent purpose, and 
some others besides. 

The cosmogony of Laplace seems to me to présent the most 

Cotmogony plausible theory of any yet proposed. It bas the 

of Laplace, emînent merit of requiring, for the formation of our 

System, only the simple agents, weight and beat, which meet us 

everywhere, and which are the only two principles of action which 

* This portion of Herachell's spéculation must be abandoned. What he fancied 
to be instances of nebulous matter tum out to be galaxies, or vaat groups of stars. — 
J. P. N. 
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are absolutely gênerai. The point in whîeh I dîffer from Laplace 
is wîth regard to cornets, which he regards as Etrangers in our Sys- 
tem ; whereas Lagrange's view of them, before cited, appears to be 
préférable, as being consistent with the independence of our solar 
group. 

The hypothesis of Laplace tends to explain the gênerai circum- 
stances of our System, viz., the common direction of ail the planets 
from west to east ; that of their rotations ; and that of ail the 
satellites : also, the small eccentricity of ail the orbits ; and finally, 
the small inclination of their planes, especially in comparison with 
that of the solar equator. 

It is supposed by this tlieory that the solar atmosphère was 
originally extended to the limits of our System, in virtue of its 
extrême beat ; that it was successively contracted by cooling ; and 
that the planets were formed by this condensation. ïhe theory 
rests on two mathematical considérations. The first in volves the 
necessary relation between the successive expansions or contractions 
of any body whatever and the duration of its rotation ; by which the 
rotation should be quickened as the dimensions lessen and becomes 
slower as they inerease, so that the angular and linear variations 
sustained by the sum of the areas become exactly compensated. 
ïhe other considération relates to the connection between the angu- 
lar velocity of the sun's rotation and the possible extension of its 
atmosphère, the mathematical limit of which is at the distance at 
which the centrifugal force, due to this rotation, becomes equal to 
the corresponding gravity: so that if any poi-tion of the atmosphère 
should be outside of this limit, it would cease to belong to the sun, 
though it must continue to revolve with the velocity it had at the 
moment of séparation. From that moment, itceases to be involved 
in any further conséquences from the cooling of the solar atmos- 
phère. It is évident, from this, how the solar atmosphère must 
hâve diminished, as to its mathematical limit, without intermission, 
in regard to the parts situated at the solar equator, as the cooling 
was for ever accelerating the rotation. Portions of the atmosphère, 
thus parted with. must form gaseous zones, situated just beyond the 
respective limits; and this constituted the first condition of our 
planets. By the same process the satellites were formed out of the 
atmosphères of their respective planets. Once detached from the 
sun, our planets must become first liquid, and then solid, in the 
course of their own cooling, without being further afFected by solar 
changes : but the irregularity of the cooling, and the unequal den- 
sity of parts of the same body must change, in almost every case, 
Ihe primitive annular form, which remains in the rings of Saturn 
alone. In most cases, the whole gaseous zone has gathered, in the 
way of absorption, round the preponderating portion of the zone as 
a nucleus : thence the body assumed its spheroidal form, with a 
revolving motion in the same direction as its movement of ti'ansla- 
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iîon, on acconnt of the excess of the velocity of the upper molécules 
in comparison wîth that of tlïc lower. 

Thîs theory answers to ail the appearances of our System, and 
explaîns the dîfficulty of the primitive impulsion of the planets. It 
shows, also, fhat the formation of the System has been successive, 
the remotest planets being the most ancient, and the satellites the 
most modem.* 

If from points of view like thèse the stability of our system can 
scarcely be regarded as absolute, what it may lead us to suspect is 
that, by the continuons résistance of the gênerai médium, our system 
raust at length be re-united to the solar mass from which it came 
forth, till a new dilatation of this mass shall occur in the immensity 
of a future time, and organize in the same way a new system, lo 
follow an analogous career. AU thèse prodîgious alternations of 
destruction and renewal must take place without affecting the most 
gênerai phenomena, occasioned by the mutual action of the suns ; 
80 that thèse révolutions of our system, too vast to be more than 
barely conceived of by our minds, can be only secondary, even local 
events, in relation to really universal transformations. It is not less 
remarkable that the natural history of our System should be, in its 
turn, as certainly independent of the most pfodigious changes that 
the rest of the universe oan undergo : so that whole Systems are, 
perhaps f requently, developed or condensed in other régions of space, 
without our attention being in any way drawn towards thèse 
immense events. 

The end I had in view in this exposition of astronomical philos- 

Bt ituiat' ^P^^ ^^'^ ^^ attained if I hâve clearly exhibited, in 
capi u a wn, j.gg^j.^ j^q^]^ ^^ method and to doctrine, the true 

gênerai character of this admirable science, which is the immédiate 
foundation of the whole of Natural Philosophy. We hâve seen the 
human mind, by means of geometrical and mechanical researches, 
and with the help of constantly improving mathematical aids, 
attaining to a précision of logical excellence superior to any that 
other branches of knowledge admit of. We see the varions pheno- 
mena of our System numerically estimated, as the différent aspects 
of the same gênerai fact, rigorously defined, and continually repro- 
duced before our eyes in the commonest terrestrial phenomena ; so 
that the great end of ail our positive studies, the exact prévision of 
events, has been attained as completely as could be desired, in regard 
alike to the certainty and extent of the prévision. We hâve seen 
how this science must operate in liberating the human intellect for 

♦ The author subjoins a proposed mathematical vérification of Laplace*s cosmogony, 
which is not given in the text, as it does not seem to rest on adéquate foundation«. 
If an arithmetical vérification be ever obtained, it will probably be in connection with 
the période of the rotationê of the différent planets ; — periods already in so far con- 
nected with the nebular hypothesis by the investigations of an American inquirer — 
Mr Kirkwood.— J. P. N. 
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ever from ail theological and metaphysîcal thraldom by showîng 
tbat the most gênerai phenomena are subjected to invariable rela- 
tions, and that the order of the heavens is necegsary and spontaneous. 
Tliis last considération belongs more partîcularly to a subséquent 
part of this work; but it has been our business to poînt ont as we 
went along how the development of astronomical science has shqwn 
us that the universe is not destîned for the passive satisfaction of 
Man ; but that Man, superior in intelligence to whatever else he 
sees, can modify for his good, withîn certain determinate limits, the 
System of phenomena of which he forms a part, — beîng enabled 
to do this by a wise exercise of his activity, disengaged from ail 
oppressive terror, and directed by an accurate knowledge of natural 
laws. Lastly, we hâve seen that the field of positive philosophy lies 
whoUy within the limits of our solar System, the study of the uni- 
verse being inaccessible in any positive sensé.* 

* As before remarked, M. Comte speaks much too absolutely hère, in oversîght of 
what modem astronomical researches hâve really accomplished. — J. P. N. 
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CHAPÏER I. 

GENERAL VIEW. 

AsTRONOMT wasa posîtive science, în its geometrîcal aspect, from tlie 
Imperfect ^arliest days of the School of Alexandria ; but Physics, 
condition of which we are now to consîder, had no positive char- 
the science, actei* at ail tiU Galileo made his great discoveries on 
the fall of heavy bodies. We shall find the state of Physics far less 
satisfactory than that of Astronomy, not only on account of the 
greater complexity of its phenomena, but under its spéculative aspect, 
from its théories being less pure and systematized, and, under its 
practical aspect, from its prévisions being less extended and exact. 
Theprecepts of Bacon and the conceptions of Descartes hâve advanced 
it considerably in the last two centuries, in its character of a positive 
science ; but the empire of the primitive metaphysical habits is not to 
be at once overthrown ; and Physics could not be immediately imbiied 
with the positive spirit, which Astronomy itself, our only completely 
positive science, did not assume in its mechanical aspect till the 
middle of that perîod. ïhe further we go among the sciences, the 
more we shall find of the old unscientific spirit, and not only in their 
détails, but impairing their fundamental conceptions. If we now 
compare the philosophy of Physics wit^ the perfect model ofFered to 
us by astronomical Philosophy, I hope we shall perceive the posi- 
bility of giving to it, and afterwards to the other sciences in their 
turn, the same positivity as the first, though their phenomena are far 
from admit ting of an equal perfection of simplicity and generality. 

First we must see what is the domain of Physics, properly so 
called. 

Taken together with Chemîstry (for the présent), the object of the 

. two is the knowledge of the gênerai laws of the In- 

organic world. This study bas marked characters, 

to be analysed hereafter, distinguishing it from the science of Life, 

which foUows it in our encyclopédie scale, as well as from^ that, of 
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astionomy wliîch précèdes ît. The distinction between Physlcs 

and Cliemisti'y is much less easy to establish ; and it 

is one moi-c difficult to pronounce upon frora day to cA«rtS5iw.*^** 

day, as new discoveries bring to light doser relations 

between them. Thoiigh tbe divisions between thèse sciences is less 

obvions than between any other two in the scale, it is not the less 

real and indispensable, as we shall see by three considérations whîch, 

perliaps, might be insufficient apart, but which, when united, leave no 

uncertainty. 

First, the generality which characterises physîeal researches con- 
trasts with the specialîty inlierent in the chemîcal. 
Every physîeal considération is applicable to ail bodies ' ^^"*^ ^* 
whatever, while chenoiistry studies the action appropriât© to a par- 
ticular substance. If we look at their classes of phenomena, we find 
Ihat gravîty manifests itself in the same way in ail bodies ; and the 
sarae with phenomena of beat, of sound, of lîght, and even electrical 
effects. The difiference is only in degree. But, in the compositions 
and décompositions of Chemistry, we bave to deal with spécifie pro- 
perties, which vary not ônly in elementary substances, but in their 
raost analogous combinationa The only exception which can be 
alleged, in the whole domain of Physics, is that of inagnetic plieno- 
mena ; but modem researches tend to prove that they are a niere 
modification of electrical phenomena, which are unquestionably 
gênerai. The gênerai propertiesot* Physics were, în the metaphysical 
days of the science, regarded as consisting of two classes ; those which 
were necessarily, and those which were contingently universal. But 
ihe false distinction arose from the notion of that âge, that the busi- 
ness of science was to inquire into the nature of bodies, — the study 
of their properties being a mère secondary affair. Now that we know 
oiir business to be with the properties alone, we see the error, and 
need only ask whether we can conçoive of any body absolutely devoid 
of weight, or of temperatui>e. 

In the second place, Physics relates to masses, and Chemistry to 
molécules ; insomiich that chemistry was formerly Deaiing with 
called Molecular Physics. But, real as this distinction matsa or mole- 
is, we must not carry it too far, but remember that ^"^"' 
purely physîeal actionis often os molecularaschemieal action ; asin the 
case of gravi ty. Physical phenometia observed in masses are usually 
only the sensible results of those which are goîng on among their par- 
tiales: and,at most, we can expect from this only phenomena of sound, 
and perhaps of electrîcity. As for the necessity of a certain mass, to 
Tnanifest physical action, that is equully indispensable in chemistry. 
The best way of expressing the gênerai fact which lies at the bottom 
of this distinction is, perhaps, that in chemistry, one at least of the 
bodies concerned must be in a state of extrême division ; while this is 
80 far from being a necessary condition of physical action that it m 
ratlier an impediment to it. This is a proof of a real distinction 
between the two sciences, thougli it may not be a very marked one. 
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In the thîrd place, the constitution of bodies, — tlie arrangement 
^^ , of theîr molécules, — may be changed, in exhibitiDjj; 
rangement or physîcal phcnomcna ; but the composition of their 
composition moleculcs remains unchano:eable : whereas, in Chem- 

Qfmolecules, < . i.i«i.i_ i i e à. i. ' 

istry, not only is there always a change or state m one 
of the bodies concerned, but tlie mutual action of the bodîes altéra 
their nature ; and it is thîs altération whîch constitutes the pheno- 
menon. Many physical agents can, no doubt, work changes of com- 
position and décomposition, if their opération be very energetic and 
prolonged ; and it is this which forms such connection as there is 
between the two sciences : but, at that point of activity, physical 
agencies pass the boundary, and become chemical. 

Positive philosophy requires that we should draw off altogether 
from the study of agents, to which it may be imagined that pheno- 
mena are to be reterred. Any number of persons may discover a 
supposed agent, — as, for instance, the universal ether of modem 
philosophera, by which a variety of phenomena may be supposed to 
be explained ; and we may not be able to disprove such an agency. 
But we bave no more to do with modes of opération than with the 
nature of the bodies acted upon. We are concerned with phenomena 
alone ; and what we hâve to ascertain is their laws. In departing 
from this rule, we leave behind us ail the certainty and consistency 
of real science. 

Keeping within our true limits, then, we see that if chemical 
phenomena should be reduced by analysis into the forra of purely 
physical actions, — an achievement very possible to the présent 
génération of scientific men,— our fundamental distinction between 
the two sciences will not be shaken. It will still be true that in a 
chemical fact something more is involved than in a simply physical 
one : namely, the characteristic altération undergone by the mole- 
cular composition of the bodies, and therefore by the whole of their 
properties. Such a distinction is secure amidst any scientific révolu- 
tion that can ever happen. 

From thèse three considérations, taken together, we dérive our 
Description description of Physics. This science consists in study- 
ofPhysics. jng the laws which regulate the gênerai properties 
of bodies, commonly regarded in the mass, and always placed in cir- 
cumstances which admit of their molécules remaining unaltered, and 
generally in their state of aggregation. With a view to the great end 
of ail science, we must add that the aim of physical théories is to 
foresee,as exactly as possible, ail the phenomena that will be exhibited 
by a body placed in any set of given circumstance8,excluding, of course, 
such as could alter its nature. This is not the less true because we 
can rarely attain the prescribed aim. The imperfection is in our 
knowledge alone. In estimating the true character of any science, 
the only way is, first, to suppose the science perfect, and then to 
study the fundamental difficulties presented by this idéal perfection. 
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Oui* description shows us how much more complexity we shall find 
in physîcal than in astronomical înquirîes. In astronomy we study 
bodies, known to us only by sîght, under two aspects 
only, their forms and motions. AU considérations but »^»»«» 

thèse are excluded. But in Physics, on the contrary, the bodies we 
liave to study are recognized by ail our sensés, and are regarded 
under an aggregate of gênerai conditions, and therefore amidst a 
complication of relations. It is clear, not only that tins science is 
inferîor to astronomy, but that it would be impracticable if the group 
of fundamental obstacles was not compensated for, up to a certain 
))oint, by the extension of our means of exploration. We meet hère 
Ihe law, before laid down, that in proportion as phenomena become 
çomplicated they thereby become explorable under a proportionate 
variéty of relations. 

Of the three procédures which constitute our art of observing, the 
last, Comparison, is scarcely more applicable hei*e than Metkods 0/ 
with regard to astronomical phenomena. Its proper inquiry. 
application is, in fact, to the phenomena of organized bodies, as we 
shall see hereafter. But the other two methods are entirely suitable lo 
Physics. Observation was, in astronomy, restricted to the use of a 
single sensé; but in Physics, ail our sensés find occupa- 
lion. Tet would Observation eflFect little without «««<*<>»• 
the aîd of Experiment, the regulated use of which is the great 
resource of physicists in ail questions that involve any complexity. 
This procédure consists in observin^r beyond the ran^re „ 
otnaturalcu'cumstances; — mplacingbodiesmartificial 
conditions, expressly instituted to euable us to examine the action of 
the phenomena we wish to study under a particular point of view. 
We can see at once how emînently this art is adapted to physical 
researches ; and how it must there find its triumphs : since there are 
hardly any bounds to our power of modifying bodies, for the purpose 
of studying their phenomena. In chemistry, experiment is commonly 
supposed to be more complète than in any other department : but I 
Ihink it is of a higher order in physics, for the reason that in chemis- 
try the circumstances are always artificially arranged, while in physics 
we hâve the choîce of natuial or artificial circumstances ; and the 
philosophical character of expérimentation consists in choosîng the 
freest possible case that will show us what we want. We hâve a 
vvider range, and a choice of simpler cases, in physics than in chem- 
istry ; and in physics, therefore, is experiment suprême. 

The next great virtue of physics is its allowing the application of 
mathematical analysis, which enters into this science, Appiieatùm of 
and at présent goes no further ; — not yet, with real matheniaticcU 
eflScacy, into chemistry. It is less perfect in physics ^^^^y^- 
than in astronomy ; but there is still enough of simplicity and fixed-^ 
iiess in physical phenomena to allow of its extended use. Its employ- 
ment may be direct or indirect :— direct when we can seize the funda- 



iSt POSITIVE FBILOSOPIIY. 

mental numerîcal .law of i^henomeiia, so as lo make ît the basîs of a 
séries of analytical déductions; as when Fourîer founded hîs theory of 
the distribution of beat on the principle of thermologîcal action be- 
tween two bodies being proportionate to the différence of theîr tem- 
pératures : and indirect, when the phenomena hâve been referred 
to fiorae geometrical or mechanical laws ; when, however, it is not 
properly to physics that the analysis is applied, but to geometry 
or mechanics. Such are the cases of reflection or refraction în the 
geometrical relations ; and in the mechanical, the investigation of 
weight, or of a part of acoustics. In either case extrême care is 
requisite in the first application, and the fiirther development should 
be vîgilantly regulated by the spirit of physical research. The 
domain of physics is no proper field for matheraatical pastîmes. 
The best securîty would be in giving a geometriciil training to phys- 
icists, who need not then bave reoourse to mathematicîans, whose 
tendency it is to despise expérimental science. By this method will 
that union between the abstract and the concrète be effected which 
will perfect the uses of mathematical, while extending the positive 
value of physical science. Meantime, the uses of analysis în physics 
are clear enough. Without it we should bave no précision, and no 
co-ordination ; and wliat account could we gire of our study of beat, 
weight, light, etc.? We should bave merely séries of unconneoted 
facts, in which we could foreaee nothing but by constant recouree 
to experiment ; whereas, they now bave a character of rationality 
which fits them for purposes of prévision. Froni the complexity of 
physical phenomena; however, the difficulty of the mathematical 
application is great. In some, a part of the essential conditions of 
the problem must be thrown ont, to admit of its transformation into 
a mathematical question ; and hence the necessity for reserve in the 
enployment of analysis. The art of combining analysis and experi- 
ment, without subordinating the one to the other, is still almost 
'unknown. It constitutes the last advance of the true method of 
physical study ; and it will be developed when pliysicists, and not 
geometers, conduct the analytical process, and not till then. 

Having seen what is the object of Physics, and what the means 
JSncTjclopedi' ^^ investigation, we bave next to fix its position in 
cal Bank Cjf the scieutific hierarchy. 

Fhy8ic8, rpjjg phenomena of Physics are more complicated 

than those of Astronomy; and Astronomy is the scientific basis 
andmodel of Physics, which cannot be effectually studied otherwise 
tliao through the study of the more simple and gênerai science. In 
Relation to this, we individuall? follow the course of our raoa 
Astronomy, \\^ ^^^ fey Astrouomy that the positive spirit was 
introduced into natural philosophy, after it had been sufficîently 
developed by purely mathematical investigations. Our individual 
éducation is in analogy with this : for we bave learned from astron- 
omy what is the real meaning of the eiiplanatton of a phenomenon, 
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wîihout any irapracticable înqtiiry about îts cause, first or final, 
or its mode of production. Pliysics should, more tban tbe other 
natural sciences, foUow closely upon astronomy, because, after 
astronomy, its phenomena are less complex than any. 

Besides thèse reasons belonging to Method, there îs tbe grand 
considération that the théories of astronomy aflfbrd tbe only data 
for the study of terrestrial pbysics. Our position in the solar 
System, and the motions, form, size, and equilibrium of the mass of 
our world among tbe other planets, must be known before we can 
understand the phenomena going on at its surface. What could 
we make of weight, for instance, or of tbe tides, without the data 
afforded by astronomical science ? Thèse phenomena indeed make 
the transition from astronomy to physics almost in- Bdatim to 
sensible. In this way Physics is indirectly connected Mathematics. 
with Mathematics. There is also a direct connection, as some 
physical phenomena bave a geometrical and mechanical character, — 
as much as those of astronomy, though under a great complication 
of tbe circumstances. The abstract laws of space and motion must 
prevail as much in the one science as in the other. If the relation 
is tluis unquestionable in the doctrine, it is not less so in the spirit 
îind method which we must bring to the study of physics. It must 
be ever remembered that the true positive spirit first came forth frôm 
the pure sources of mathematical science ; and it is only the mind 
that bas imbibed it there, and which bas been face to face with the 
lucid truths of geometry and mechanics, that can bring înto fuU 
action its natural positivity, and apply it in bringîng the most 
complex studies into the i-eality of démonstration. No other disci- 
pline can fitly prépare the intellectual organ. We might further 
say that, as geometrical ideas are more clear and fundamental tban 
mechanical ideas, the former are more necessaiy, in an educational 
sensé, to physicists than the latter, though the use of mechanical 
ideas is the more immédiate and extended in physical science. 
Thus we see how we must conclude that the éducation of physicists 
must be more complioated than that of astronomers. Both bave 
need of the same mathematical basis, and physicists must also 
hâve studied astronomy, at least in a gênerai way. And this, 
again, assigns the position of their science. 

Its rank is equally clear, if we look in the opposite direction, — 
at the sciences which corne after it. 

It can hardly be by accident tliat, in ail languages of thinking 
peoples, the word which originally indicated the Reiatûmio 
study of the whole of nature should bave become the ^^ ''<^*^- 
nanie of tbe particular science we are now considering. Astronomy 
is, in fact, an émanation from matliematics. Every other natural 
science was once comprehended under the terni Physics ; and that 
to which it is now restricted must be suprême over the rest. Its 
relation to the rest is just this : that it invcstigates the gênerai 
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j)iopeitîe8 common to ail bodies ; that îs, the fundamental constîtu* 
tion of matter ; while the other sciences exhibit the modifications 
of those properties peculiar to each : and the study of those proper- 
ties in the gênerai must, of course, précède that of their particular 
cases. In regard to Physiology, for instance, it is clear that 
organîzed bodies are subject to the gênerai laws of matter, those 
laws being modified in their manifestations by the characterîstic 
circnmstanccs of the state of Life. The same is the caSe with 
Chemistry. Without admitting the questionable hypothesis under 
which some eminent men of our time refer ail chemical phenomena 
to purely physical action, it is yet évident that the concurrence of 
physical influences is indispensable to every chemical act. What 
could we make of any phenomenon of composition or décomposition, 
if we left outall data of weight, beat, electricity, etc. ? And how 
could we estimate the chemical power of thèse varions agents with- 
out first knowing the laws of the gênerai influence proper to each ? 
Chemistry is closely dépendent on Physics ; while Physics is wholly 
independent of Chemistry. 

As for the direct opération of tliis science on the human intellect, 
Reiati<m to ^^ '^^ ^^®^ markcd than that of the two natural sciences 
human pro- wliich occupy thc cxtremities of the scale, — ^astronomy 
^''^* and physiology, — which immediately contemplate 

the two great objects of human interest, — the Universe and Mau : 
but one striking fact with regard to Physics is that it bas been the 
great battle-ground between the old theological and metaphysical 
spirit and the positive philosophy. In Astronomy the positive 
philosophy took possession, and triumphed almost without opposi- 
tion, except about the earth's motion ; while in the domain of 
Physics the conflict bas gone on for centuries ; a cîrcumstance 
attributable to the imperfection of physical, in comparison with 
astronomical science. 

With thîs science begins the exhibition of human power in 
Humanjmoer nio<îifyÎDg phenomena. In Astronomy, human inter- 
ofmodifying. ventiou was out of the question : in Physics it begins ; 
phenomena, ^^^ ^^ àiidW see how it becomes more powerful as we 
descend the scale. ïhis power counterbalances that of exact pré- 
vision which we bave in astronomy, through its extrême simplicity 
The one power or the other, — ^the power of foreseeing or of modi- 
fying, — is necessary to our out-growth of theological philosophy. 
Our prévision disproves the notion that phenomena proceed from a 
supernatural will, which is the samething as calling them variable : 
and our ability to modify them shows that the powers under which 
they proceed are subordinated to our own. The first is the higher 
order of proof ; but both are complète in their way, and certain 
to command, soonei* or later, universal assent. The proof whicli 
Franklin afibrded of human control over the lîghtnîng destroyed 
Ihe religions terror of thunder as efiectually as the sqperstitiou 
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al)out cornets was destroyed by tlie prévision of their return ; thongh 
tlie experiments by which Franklin established the identîty of the 
lijçhtning with the common electric discliaige could be décisive only 
with physicists, while the generality of men could understand how 
the return of cornets was foreseen. As the opposition between the 
theological and the positive philosophies becomes less simply 
évident, our power of intervention becomes more varied and ex- 
tended ; the amount of proof yîelded in the two cases being equal 
in the eyes of men in gênerai, though not strictly équivalent. 

In regard to the spéculative rank of Physics, it is clear that it 
<loes not admit of prévision to any extent at ail com- Previnon 
parable to that of astronomy, because it consists of imperfect. 
uumerous branches, scarcely at ail connected with each other, and 
concurring only in a feeble and doubtf ul way in its cliief phenomena. 
We can therefore see only a little way forward ; often scarcely 
beyond the experiment in hand : but we shall see its spéculative 
superiority to the sciences which come after it, when, in studying 
chemistry and physiology, we find another kind of incohérence 
existing among their phenomena, making prévision more imperfect 
still. The great distinction of Physics is that which bas been 
referred to before, — that it instructs us in the art of Experiment. 
Philosophers must ascend to this source of expérimentation, what- 
ever their spécial objects raay be, to learn what are the spirît and 
conditions of true expérimentation, and what the necessary pré- 
cautions. — Each of the sciences in tlie scale piesents, besides the 
characters of the positive method which are common to them ail, 
Rome indication appropriate to itself, which ought to characterU- 
be studied at its source, to be duly appreciated. tics of each 
Mathematical science exhibits the elementary con- **^^*^*' 
ditions of positivity : astronomy detennines the true study of Nature : 
])hysic8 teaches us the theory of expérimentation : chemistry offers 
lis the art of nomenclature : and physiology discloses the true 
theory of classification. 

I bave deferred till now what I bave to offer on the important 
Bubject of the rational construction and scientific use of hypothèses, 
regarded as a powerf al and indispensable auxiliary pkUoaophy of 
to our study of nature. It is in the région of astrono- hypothesu. 
my that I must take my stand in discussiug this subject, though ît 
was not necessary to advert to it while we were surveying that région. 
Hypothesis is abundantly employed in astronomy; but there it may 
be said to prescribe the conditions of its own use, — so simple are 
the phenomena in question there. From thence do I think it 
necessary to dérive, therefore, our conceptions of the characterand 
niles of this valnable resource, in order to ils employment in the 
olber departments of natural philosophy. 

ïhere are only two gênerai methods by which we can .get at the 
Jaw of any pheuomenon, — the immédiate analysis of the course of 
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tlie plienomenon, or its relation to some more exiended law alreadjr 
eetablished ; in otlier words, by induction or déduction. Neither of 
thèse methods would help us, even in regard to the simplest pheno- 
mena, if we did not begin by anticipating the résulta, by making a 
provisional supposition, ultogether conjectural in the first instance, 
with regard to some of the very notions which are the object of the 
inqiiiry. Hence the necessary introduction of hypothèses into 
natural philosophy. The method of approximation eraployed b}' 
geometers first suggested the idea ; and without it ail discovery of 
natural laws wotild be impossible in cases of any degree of com- 
plexity ; and in ail, very slow. But the employment of this instru- 
ment must ahvays be subjected to one condition, the neglect of 
which would impede the development of real knowledge, This 
Necessary condition is to imagine such hypothèses only as admit, 
condition. \yy their nature, of a positive and inévitable vérifica- 
tion at some future time, — the précision of this vérification being 
proportioned to what we can learn of the corresponding phénomène 
In other words, philosophical hypothèses must always bave the 
character of simple anticipations of what we might know at once, 
by experiment and reasoning, if the circumst*mces of the problera 
had been more favourable ihan they are. Provided this rule be 
Bcrupulously observed, hypothèses may evidently be employed 
without danger, as often as they are needed, or rationally desired. 
It is only substituting an indii^ct for a direct investigation, when 
the latter is impossible or too difficult. But if the two ai*e not 
employed on the same gênerai subject, and if we try to i-each by 
hypothesis what is inaccessible to observation and reasoning, the 
fundamental condition is violated, and hypothesis, wandering eut of 
the field of science, merely leads us astray. Our study of nature is 
restricted to the analysis of phenomena in order to discover their 
laws ; that is, their constant relations of succession or similitude; 
and can bave nothing to do with their nature, or their carise, first 
or final, or the mode of their production. Every hypothesis which 
strays beyond the domain or the positive can merely occasion 
interminable discussions, by pretending to pronounce on questions 
which our understandings are incompétent to décida — ^Every man 
of science admits this rule, in its simple statement ; but it cannot 
be practically understood, — so often as it is violated, and to such 
a degree as to alter the whole character of Physics. Tlie use of 
conjecture is to fill up provisionally the intervais left hère and there 
by reality; but pmctically we find the two materials entirely 
«eparated, and the real suboi-dinated to the conjectural. It is 
necessary, thei-efore, to ascertain and explain the actual state of the 
question wiib regard to Physics. 

T'ico classes of The hypothescs employed by physical inquirersin 

hypotiusis. our day are of two clauses : the first, a very small class. 

relate simply to the laws of phenomena : the other, aud larger class, 
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nîra at deterrnînîng the gênerai agents to whîch différent kînds of 
natural effects may be referred. Now, according to the nile just 
laîd down, the first kînd alone are admissible : the second hâve an 
anti-scientific character, are chimerical, and can do nothing but 
hinder the progress of science. 

In Astronomy, the first class only is in use, because the science 
has a wholly positive character. A fact is obscure ; Fivit class 
or a law is unknown : weproceed to form a hypofchesis, indispensable, 
in agreement, as far as possible, with the whole of the data we are 
in possession of ; and the science, thus left free to develop itself, 
always ends by disclosing new observable conséquences, tending to 
confirm or invalidate, indîsputably, the primitive supposition. We 
havebefore noticed fréquent and happy exemples of tliis method of 
discovering the primary truths of astronomy. But, since the estab- 
lishment of the law of gravitation, geometers and astronomers havo 
put away ail their fancies of chimerical fluids causing planetary 
motions ; or hâve, at least, indulged in them merely as a matter of 
Personal taste and not of scientific investigation. It would be well 
if, in a study so much more difficult as Physics, phil- Second class 
osophers would îmitate the astronomers. It would chimerical 
be well if they would confine their hypothèses to the yet unknown 
circumstances of phenomena, or their yet hidden laws, and would 
entirely let alone their mode of production, wbich is altogether beyond 
the limit of our faculties. What scientific use can there be in 
fantastic notions about fluids and imaginary ethers, which are to 
account for phenomena of beat, light, electricity and maguetism? 
Such a mixture of facts and dreams can only vitiate the essential 
ideas of physics, cause endless controversy, and involve the science 
itself in the disgust which the wise must feel at such proceedings. 
Thèse fluids are supposed to be invisible, intangible, even impondér- 
able, and to be inséparable from the substances which they actuate ; 
Their very définition shows them to bave no place in real science, 
for the question of their existence is not a subject for judgment : it 
can no more be denied than aflBrmed : our reason hns no grasp of 
them at ail. Those who, in our dny, l)elieve in calorie, in a lumin- 
ous ether, or electric fluids, bave no right to despise the elementary 
spîrîts of Paracelsus, or to refuse to admit angels and genii. We 
find them spurning Lamarck's notion of a résonant fluid ; but the 
misfortune of this hypothesis was that it came too lat^, — long after 
the establishment of acoustics. If it hadbeen put forth as early iti 
the days of science as the hypothèses about beat, light, and electricity, 
this résonant fluid would no doubt bave prospered as well as the rest 
Withont going into the history of more of thèse baseless inquiries, 
it is enough to point out that they are irreconcilable with each other ; 
and when su[)erficîal minds witness the ease with which they destroy 
each other, they naturally conclude the whole science to be arbitrary, 
consîstîng more in futile discussion than in anythingelse. Each sect 
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or philosopher can show how untenable îs the hypothesis of anotlier, 
but cannot establish hîs own ; and it would generally be eaay to devise 
a third whîch mîght agrée with both. It is trne, physîcîsts are 
HOW eager to déclare that they do not attribute any întrinsic reality 
to thèse hypothèses ; and that they countenance them merely as indis- 
])ensable means for facilitating the conception and combination of 
phenomena. But we see hère the working of an incomplète posîtivîty, 
whîch feels the înanity of such Systems, and yet dares not suiTcnder 
Ihem. , But besîdes that it is scarcely possible to employ a fictitious 
instrument as a reality withont at tîmes falling into the dehision of 
its reality, what rational ground is there for proceeding in such a 
way, when we hâve before us the procédure and achievements of 
astronomical science, for,a pattern and a promise ? Thèse hypothèses 
eocplain nothing. For instance, the expansion of bodies by beat is 
not explainedy — that is, cleared up, — by the notion of an imaginary 
fluid interposed between the molécules, which tends constantly to 
enlarge their intervais ; for we still bave to learn hqw this supposed 
fluid came by its spontaneous elasticity, which is, if anything, more 
imintellîgible than the primitive fact. And so on, through the 
whole range. ïhese hypothèses clear away no difficulties, but only 
make new ones, while they divert our attention f rom the true object 
of our inquiries. As for the plea that habit bas so taken hold of the 
minds of inquirers, that they would be adrift if deprived of ail their 
moorings et once, and that their languap:e must be superseded by 
a whoUy new one, I think this kind of difficulty is very much exag- 
gerated. Wehave seen, within halfacentury. how often men hâve 
contrived to pass from sorae physical Systems to their opposites 
without being much hindered by obstacles of language. There would 
be scarcely more difficulty in casting aside futile hypothèses ; and 
we might, as we see by existing examples, gradually substitute the 
real and permanent meaning of scientific terms for the fanciful and 
variable interprétation. 

Thèse fluids are nothing more than the old entities materializei 
Hi8to7'y ofthe Whichever way we look at it, what is beat apart from 
second ciass, ^q warm body, light apart from the luminous body, 
— electricity apart from the electric body? Are they not pure 
entities, like thought apart from the thinking body, and digestion 
apart from the digesting body ? Hère we bave, instead of abstract 
beings, imaginary fluids deprived, by their very définition, of ail 
material qualities, so that we cannot even suppose in them the limit 
of the most rarefied gas. If the descent of thèse from the old 
entities be not l'ecognized, what filiation of ideas can ever be 
admitted ? The essential character of metaphysical conceptions 
is to attribute to properties an existence separate from the sub- 
stance which manifeste them. What does it matter whether we 
call thèse abstractions soûls or fluids? The origin is al way s the 
^me ; and it is connected with that inquisition into the essence of 
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tliîngs whîch always characterizes the înfancy of the linhian mînd, 
occasîoning, first, the conception of gods, whicli grew into that of 
soûls, which became in tîme imaginary fluids. In ail positive 
science, our understandings, iinable to pass abniptly f rora the meta- 
physical to the positive stage, hâve travelled through tins transition 
state of development. Metaphysîcs itself is the transition stage 
from theology to positive science ; but a secondary transition îs also 
necessary, as we see by the fact ; a transition from meta physical to 
positive conceptions. The raathematicians and astronomers hâve 
attained the positive basis. The physicists, tlie chemists, the 
physiologists, and the social philosophers, are now in the last period 
of transition ; the physical inquirers, ready to pass iip to the level 
of the astronomers and geometers, and ail the others held back for 
a while by the complexity of their respective subjects ; as we shall 
aee hereafter. Thîs bastard positivism was the way ont of the old 
uietaphysîcal condition, in which men would, but for it, hâve been 
imprisoned to this day. Nascent science first humoured the con- 
stitutional need, and then led us on by offering to our minds, in the 
place of the old scholastic entities, new entities, more tangible, whîch 
must by their nature introduce into our studies the contemplation 
of phenomena and their laws, restricting us to thèse more and more. 
This seems to bave been the important temporary useof this System 
of hypothèses ; to enable us to pass from the metaphysical to the 
positive stage. 

Astronomy bas not been exempted from thîs transition state, any 
more than the other sciences ; but it was over so long 
ago that it is forgotten, — ^so few are those who are în- " * ronomy, 
tèrested in the history of phîlosophy ! If we look back to the action 
of the human mind în the seventeenth century, we shall see how 
geometers and astronomers were preoccupied with hypothèses of 
the kind we are considering. There is no better example of them 
than that famous conception, the Vortices of Descartes ; for it pré- 
sents clearly the three stages of existence common to them ail ; the 
création of the hypothesis, its temporary use, and îts rejection when 
its purpose îs answered. Thèse vortices, so ridiculed by men who 
believe in calorie, ether, and electrîc fluids, helped us to a sound 
phîlosophy by întroducing the idea of mechanism, where even Kepler 
had imagined only the incompréhensible action of souIs and 
genii. When the discussion had attained tlie firm ground of 
Celestîal Mechanics, founded upon the Newtonîan theory, the in- 
fluence of the Cartesian hypothesis ceased to be progressive, and 
became rétrograde. To the last, the Cartesian philosophers insisted, 
in arguriieuts as plausible as those of our exîsting physicists, that 
it was impossible to philosophize without such a hypothesis. They 
were apswered in the only effectuai way, by philosophizing în an- 
other mode : and the vortices were heard of no more when geometers 
and astronomers apprehended the true object of scientific studies. 
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The Cartesîan liypothesîs contributed to the éducation of tliè huroah 
raind by leading it to see that we bave notbing to do with tbe 
primitive agents, or mode of production of pbenomena, but onlj 
with their law& If, in the other sciences, we bave, as their pro» 
fessors assert, reached the stage of positivity, hypothèses like that 
of tbe vortîces may be dismissed, as no longer needed to bring us 
ont of tbe metapbysîcal state. As soon as tbey are needless, they 
become pernicious. 

The transition bas been obvions elsewhere than in astronouiy. 
. It bas taken place in the most advanced departments 
y*«». ^j Physics; and especîally with regard to Weight 
Thei^e was scarcely a philosopher, even long after Galileo*8 time, 
who had not some System to offer about the causes of the fall of 
bodies. At that time, sucb hypothèses appeared tbe only method of 
studying weight ; but who hears of them now ? Aeoustics was 
emancipated about the same time. The labours of Fourier will 
evîdently release thermology ; and then there will remain only tbe 
study of light and of electricity ; * and no reason can be assigned 
for their exclusion from the gênerai rule. The question will be 
regarded as settled benceforward by ail who believe that tlie 
bistorical development of the human mind is subject to nataral 
laws, determinate and uniform ; and sucb will admit, as tbe principle 
of the true theory of hypothèses, that every scientific hypothesis, to 
be a matter of judgnient, must relate exclusîvely to tbe laws of 
pbenomena, and never to their mode of production. 

Hère we find, as in every analogous case of difficulty, the use of 
tbe comparative historical method which I bave just employed. 
We sball enlarge on this bereafter: meantime, I must offer the 
observation that the philosophy of the sciences cannot be properly 
studied apart from their bistory ; and, conversely, that tbe history 
apart from the philosophy, would be idle and unintelligible. 

In reviewing the différent departments of Pliysics, I sball follow 

Rnhofar- ^^^ ^'"^® which détermines the order of the sciences 

iunfjement tbemselves : that is, I shall take them in the order 

m Phyèwa. ^f ^^^ gencrality of their pbenomena, their simplicity, 

the relative perfection of our knowledge of them, and their mutual 

dependeuce. Under this rule, we sball find that the departments 

that offer tbemselves first border upon Aslronomy, and those that 

corne last upon Chemistry. 

First will come Weight, in solids and âuids, regarded statically 
and dynamically. About this assîgnment, there are no two opinions; 
weight being absolutely universal. Its pbenomena are simple, in- 
dependent of others, and so exactly understood that science is bere 
almost as positive as in astronomy, to which it is very nearly allied. 
Electric pbenomena being the uiost opposite of ail to those of weight^ 

* In Ëlectriolty, the hypothesis of fluids is rapidly yielding before the rational 
idea of Polarity. — ^J. P. N. 
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în ail thèse partîculars, wîll come last ; and they are closely allied 
to chemistry. Between them will come thermology, acoustics, and 
optics. Fourîer put away, in his study of lieat, ail fantastie notions 
about îraaginary fluids, and broiigbt his snbject up to such a point 
of positivity as to place it next to the study of gravi ty. Acoustics 
niight, perhaps, contest its place with thermology, but for the gener- 
ality of the phenouiena of the latter. In regard to positivity, there 
is little to choose between tHem ; but there are gaps in our know- 
ledge of acoustics which also iiidicate the lovver place for it. Our 
order then is, — Barology, or the science of weîght : 
thermology, or the science of beat : acoustics, optics, 
and electricity. But we must beware of attaching too much impor- 
tance to tbîs arrangement, which is really little better than arbitrary, 
though as good as our présent knowledge admîts. We shall now 
proceed to a philosophical review of them, exempt from détails ; 
having, in this chapter, analysed the proper object of Physics ; the 
modes of investigation appropria te to it ; its position in regard to 
the other sciences; its influence upon the éducation of hnnian 
reason ; its degree of scientific perfection ; its incomplète positivity 
at présent ; the means of remedying this by a sound institution of 
hypothèses ; and flnally, the rational distribution of ita différent 
departments. 
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CHAPTER II. 

BAROLOGY. 

NoTWiTHSTANDiNG tlie advaiiced state of oiir means for the study 
of Barology, we hâve no complète theory of weîght, but only frag- 
mentary portions of a theory, dispersed through treatises on rational 
uiechanics or physics. It will be of great advantage to brîng them 
tôgether. 

ïhe division of the subject is into two principal sections, sub- 

_. . . divided into three ; the Statical and Dynamical con- 

sideration of weignt, m its application to solids^ 

liquids, and gases. Both philosophically and historically, this 

division is indicated. 

gECTION L 

STATICS. 

Taking the statics of gravîty first, we must point ont that we owe 
statics of our elementary notions of positive barology to Archi- 
Gravity. medes. He fîrst clearly established that the statical 
effort produced in a body by gravity, — that is, its weight, — is en- 
tirely îndependent of the form of the surface, and dépends only on 
Historv ^'^^ volume, as long as the nature and constitution of 
the body remain unchanged. ïhis may appear to us 
very simple ; but it is uot the less the true gerni of a leading pro- 
})Ositîon in natural philosophy, which was perfected only at the end 
of the last century ; namely, that not only is the weight of a body 
Independent of its form, and even of its dimensions, but of the mode 
of aggregation of its particles, and of ail variations which can occur 
în their composition, even by the différent vital opérations ; in a 
Word, that this quality is absolutely unalterable, except by the cir- 
cumstance of its distance from the centre of the earth. Archimedes 
could take none but geometrical circumstances into the account ; 
but, in this elementary relation, his work was complète. He not 
only discovered that, in homogeneous masses, the weight is alwajs 
in proportion to the volume ; but he disclosed the best means 
of measuring, in solid bodies, by his famous hydrostatic principle, 
the spécifie coefficient which enables us to estimate, according to 
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this law, the weîght and volume of the body, by means of each other. 
We owe to hîm too the idea of the centre of gravity, together with 
the first development of the corresponding geometrical theory. 
Under this view, ail problems respecting the equilibrium of solids 
are included in the domain of rational mechanics : so that, except 
the important relation of weight to masses, which could be fully 
known only to the modems, Archîmedes ought to be regarded as 
the true founder of statical barology, in relation to solids. ïhere 
is, however, another leading idea which was not clear in the time 
of Archimedes, though it became so soon afterwards ; that of the 
law of the direction of gravity, which men spontaneously considered 
to be constant, and which the school of Alexandria ascertained to vary * 
from place to place, always being perpendicular to the surface of the 
terrestrial globe ; a discovery which is evidently due to astronomy, 
by which alone the means are offered of manifesting and measuring, 
bycomparison, the divergence of verticals. 

Theancients had no accurate ideas about the equilibrium of liquids; 
for Archimedes contemplated only the equilibrium Cases of 
of solids sustained by liquids. His princîple did not Uquids. 
resuit, as with us, from an analysis of the pressure of the liquid 
against the vessel containing it, thus disclosing the total force 
exercised by the liquid in sustaining the weight. The theory of 
gravitating liquids is to be ascribed to the modems. 

The mathematical character of fluids is that their molécules are 
absohitely independent : and the geometrical character of liquids îs 
that they are absolutely incompressible. Neither of thèse is strictly 
true. The mutual adhérence of fluid molécules now forms a« 
interesting section of physics ; and, as for the compressibleness of 
liquids, it was indicated by several phenomena, — especîally the trans- 
mission of Sound by water, — and it is now proved by unquestionable 
experiments. The contraction as yet producible is very small ; and 
we do not know what law the phenomenon follows, in its relation to 
variation of pressure. But this uncertainty does not affect the theory 
of the equilibrium of natural liquids, owing to the extrême smallness 
of the condensation. In the same way, imperfect fluidity is no 
hindrance, provided the mass bas a certain extension. We may 
therefore put aside thèse exceptions, and proceed to consider the 
equilibrium of gravitating liquids, in the two cases in which they 
are studied : in a mass so limited that the verticals are parallel, 
which is the ordinary case ; or in a great mass, as that of the sea, in 
which we bave to allow for the variable direction of gravity. 

In the first case, there is clearly no difficulty about the surface : 
and the whole question is of the pressure against the j^,^^.^^ ^^^^ 
enclosing vessel. Stevinus, following the principle of 
Archimedes, showed that the pressure upon a horizontal boundary, or 
floor, is always equal to the weight of the liquid column of the same 
base which should issue at the surface of equilibrium : and he after- 
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wards resol ved îato thîs the case of an înclined boundary, by decom- 
posîng it into horizontal éléments, as we now do. From this it 
appeared that the pressure îs always equal to the weîght of a vertical 
column which should hâve the proposed boundary for its base; and 
for its height that of the surface of equilibrium above the centre 
of gravity of this boundary. According to that, the infinitésimal 
analysis enables us easily to calculate the pressure against any definite 
portion of any curved surface. The most interesting physical resuit 
is the estimate of the total pressure supported by the whole of the 
vessel, which is necessarily équivalent to the weîght of the liquid it 
contains. The equilibrium of flôating bodies is only a simple appli- 
* cation of this rule of measurement of pressure. The immersed part 
of the solid is a boundary ; and it is clear that the pressure of the 
liquid to sustain the body is équivalent to a vertical force equal to 
the weight of the displaced fluid, and applied to the centre of gravity 
of the immersed portion. This rule is precisely the principle of 
Archimedes. The main problem was geometrically treated by him. 
The only really difficult research in this matter relates to the con- 
ditions of stability of this equilibrium, and the analysis of the oscil- 
lations of the body flôating round its stable position ; and this isone 
of the most complex applications of the dynamics of solids. If the 
question was of the vertical oscillations of the centre of gravity, the 
study would be easy, because we can estimate at once the way in 
which the pressure increases as the body is further immersed, and 
diminishes as it rises, tending always to a return to the primitive 
State. But it is otherwise with oscillations from rotation, whether of 
roUing or pitching, the theory of which is a matter of much interest 
in naval art. Hère, the mathematical difficulties of the problem can 
be met only by abstracting the résistance and agitation of the liquid ; 
and the labours of geometers become merely mathematical exercises, 
of no practical use. 

The question of the equilibrium of the vast liquid masses which 
compose the greater part of the earth's surface is clearly 
econ case, connected with the gênerai theory of the form of the 
planets : but difficulties, unconnected with the figure of the planets, 
intervene, and cannot be entirely surmounted. Ratîonal hydrpstatics 
shows us that equilibrium is possible when there is the same density 
at ail points equally distant from the earth's centre ; a condition 
which is impossible under our variety of températures in différent 
positions. There is no rational resuit from any practicable study of 
currents, of vaiying températures, of the compressibleness of liquids, 
ail of which, though following unknown laws, are necessary to the 
solution of the problem. We hâve no better resource, at présent, than 
in empirical studies : and thèse, which belong more to the natural 
history of the globe than to physics, are very imperfect. 

The theory of tides will hereafter, when sciences and theîr 
arrangements are more perfected, take its place in the department 
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of barology. The perîodical dîsturbances of the equilibrîum of the 
océan are a proper subject for study in connection witli terrestrial 
gravity ; and it can make no différence that the cause of those per- 
turbations is found in the planetary System. 

In studying the third question of equilibrium, that of gases, we 
meet with a difficulty which does not pertain to that ^ 
of solids and liquids ; — we hâve to discover the grav- ^^ ^^^' 
ity of the gênerai médium in which we live. In the case of h'quids, 
we hâve only to weigh an empty vessel, and then the same vessel 
fiiled ; whereas, in the case of the atmosphère, a vacuum cannot be 
created but by artifîcial means, which must themselves be founded 
on a knowledge of the weight of the médium to be weîghed. The 
fact can be ascertained only by indirect means ; and those are 
derived from the théories of pressure which we hâve been noticing. 
Stevinus was not thinking of the atmosphère in elaborating his 
theory ; but, as it answered for heterogeneous liquids, it must 
answer for the atmosphère. From that date, the . 

means for ascertaining the equilibrium of the atmos- 
phère, in a positive manner, were provided. Galileo projected the 
work, in his last years ; and it was well executed by his illustrious 
disciple, Torrîcelli. He proved the existence and measurement of 
atmospheric pressure by showing that this pressure sustained dif- 
férent liquids at heights inversely proportioned to their densitîes. 
Next, Pascal established the necessary diminution of thîs pressure 
at inoreasing heights in the atmosphère ; and Guericke's invention 
of the air-pump, an inévitable resuit of ïorricelli's discovery, gave 
us direct démonstration in the power of making a vacuum, and 
consequently of estimating the spécifie gravity of the air which 
Furrounds us, which had hitherto been only vaguely computed. 
The création and improvement of instruments of observation is an 
invariable conséquence of scientific discovery; and, in this case, 
the fruits are the barometer and the air-pump. 

One condition remained, before we could apply the lavvs of hydro- 
statics to atmospheric equilibrium. We had to learn the relation 
between the density of an elastic fluid and the pressure which it 
supports. In liquids (supposed incompressible) the two pheno- 
mena are mutually independent ; whereas, in gases they are inevit- 
ably connected : and herein lies the essential différence between 
the mechanical théories of the two fluids. The discovery of this 
elementary relation was made about the same tirae by Mariette in 
France and Boyle in England. Thèse illustrious philosophers 
proved by their expérimenta that the différent volumes successively 
occupied by the same gascons mass are in an inverse ratio to the 
différent pressures it receives. This law bas since been verified by 
inoreasing the pressure to nearly that of thirty atmosphères ; and 
it has been adopted as the basis of the whole Mechanics of gas and 
vapours. But we must beware of accepting it as the mathematical 
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expression of the realîty ; for ît îs evîdently the same tliîng as 
regardîng elastic fluîds as always equally compressible, however 
compressed they may already be ; or, conversely, as always equally 
dilatable, however dilated they may already be : — suppositions 
which cannot be indefinitely extended. But thus it is, more or less, 
with ail the laws we hâve ascertaiaed in our study of nature. ïhey 
approximate, withîn narrow limits, we must suppose, to the mathe- 
matical reality : but they are not that reality itself, even in the 
grand instance of gravitation. Thèse laws are sufficient for our use 
and guidance ; and that îs ail the resuit that positive science pré- 
tends to. 

Under the law of Mariette and Boyle, the theory of atmospheric 
Cmditionof equiUbrium falls into the department of Rational 
theprobiem. Mechauics. We see at once that the air can no more 
be in a state of real equiUbrium than the océan ; and so much the 
further from it as beat expands air more than water. Yet we must 
conceive of the partial equilibrium of a very narrow atmospheric 
column, to form a just gênerai idea of the mode of diminution ia 
regard to the density and pressure of the difierent strata. Puttin<î 
aside considérations of beat, and the small efFects of gravitation iii 
such a case, we see that density and pressure must diminish in u 
geometrical progression for altitudes increasing in arithmetical pro- 
gression : but this abstract variation is retarded by the diminishing 
beat of the loftier atmospheric strata, which makes each stratum 
more dense than it would be from its position. Hère, therefore, 
we are stopped by the intervention of a new élément which we do 
not understand, — the law of the vertical variation of atmospheric 
températures, — our ignorance of which can be supplied only by 
inexact and uncertain expédients. Great caution is necessary in 
using Bouguer s method of measuring altitudes by the barometer ; 
a method very ingénions, but depending on such complex and un- 
certain conditions, and requiring sometimes so much delay, that it 
is even préférable, when circumstances permit, to enter upon h 
geometrical measurement, which bas so greatly the advantage in 
certainty. Yet, considered by itself, the method of measurement 
by the barometer is valuable for its contributions to our knowledge 
of the surface reliefs of our globe, 

SECTION IL 

DYNAMICS. 

We bave now to consîder the laws of notion of gravitatîng bodies ; 
and of Solîds, in the first place. 

The last elementary notion about gravîty, — that of the necessary 
proportion between weîght and mass, — which was still wanting to 
Btatical barology, was established by the admirable observation that 
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ail bodîes in a vacuum fall tlirough the same space în the same time. 
Proceedîng from this, we must examine the discovery of the laws of 
motion produced by gravi ty. We shall find herein, 
not only the historical origin of physics, but the most **"^- 
perfect method of philosophizing of which the science adraits. 
Aristotle observed the natural accélération of bodies in tlieir fall ; 
but he could not discover the law of the case, for want of the 
elementary principles of rational dynainics. His hypothesis, that 
the velocity increases in proportion to the space traversed, was 
])lausible, till Galileo found the true theory of varied motions. 
When Galileo had discovered the law that the velocity and the 
space traversed were necessarily proportioned, the one to the time, 
and the other to its square, he showed how it could be verlfied in 
two ways ; by the immédiate observation of the fall, or by retarding 
tlie descent at will bythe aid of a sufficiently inclined plane, — 
allowance being made for the friction. An ingénions instrument, 
which afifords a convenient vérification, was afterwards offered by 
Atwood : it retards the descent, while leaving it vertical, by com- 
pelling a sraall mass to move a very large one in that direction. 

By this one law of Galileo, ail the problems relating to the 
motions of falling bodies résolve themselves into questions of rational 
dynaniics. They, indeed, compelled its formation, in the seventeentli 
century ; as, in the eîghteenth, questions of celestial mechanics 
thoronghly developed it. In ail that relates to the motion of trans- 
lation of a body in space, this study is due to Galileo, who established 
the theory of the curvilinear motion of projectiles — allowance being 
niade for the résistance of the air. Ail attempts, however, to ascer- 
tain the effect of this résistance bave hitherto been în vain ; and 
tlierefore the study of the real motion of projectiles is still extremely 
ira perfect. 

As for the motions that gravity occasions in bodies that are not 
free in space, — the only important case is that of a body confined to 
a given curve. It constitutes the problem of the pendulum, which 
we hâve already considered, as the immortal achievement ot 
Huyghens. Its practical interest, as the basis of the most perfect 
chronometry, presented itself first : but it has besides furnished two 
jreneral conséquences, very essential to the progress of barology. 
First, it enabled Newton to verify the proportion of weight to mass 
with much more exactness than would hâve been possible by the 
experiment of the fall of bodies in a vacuum ; and, in the second 
place, the pendulum has enabled us, as we saw before, to observe the 
différences of the uni versai gravity at différent distances from the 
earth's centre. It is by the use of this method that we are con- 
1 inually adding to our knowledge of the measure of gravity at various 
points on the globe, and, therefore, of the figure of the earth. 

In thèse différent sections of dynamical barology, solid bodîes are 
regarded as points,^-considerations of dimensions being discarded : 
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but a new order of difficultîes arises when we hâve to consîder the 
particles ot which the body is really formed. With regard to cases 
of restricted motion, as the pendulum, the thîng to be done is to 
find ont under what laws the diflFerent points of the body modify 
the uneqnal tîmes of their respective oscillations, so that the whole 
may oscillate as one point, real or idéal. ïhis law, discovered by 
Hiiyghens, and afterwards obtained by James Bernouilli in a more 
scîentîfic manner, easily transforms the compound into the simple 
pendulum, when the moment of înertia of the body is known. The 
study of the pendulum is involved in ail the questions of the 
dynamics of solids. To give it the last degiee of précision, it is 
necessary to consider the résistance of the air, though that résistance 
is small in comparison with the case of projectiles. This is done, 
with ease and certainty, by comparîng theoretical oscillations with 
real ones, exposed to the résistance of the air ; when, of course, the 
différence between the two gives the amount of that résistance. 
We bave seen enough of the difficulties of hydrodynamics to 
understand that the part of dynamical barology which 
relates to fluîds must still be very imperfect. In the 
case of the gases, and especially of the atmosphère, next to nothîng 
bas been attempted, from the sensé of the impracticable nature of 
the inquiry. The only analysis which bas been proceeded with, 
Cdi ofii uids ^^ regard to liquids, is that of their flow by very 
tqm . gjjj^n orifices in the bottom or sides of a vessel : that 
îs, the purely lînear motion, mathematically presented by Daniel 
Bernouilli, in bis celebrated hypothesis of theparallelism of laminae. 
Its principal resuit bas been to demonstrate the rule, empirically 
proposed by Torricelli, as to the estimate of the velocity of the 
liquid at the orifice, as equal to thatof a weight falling from the 
entire height of the liquid in the vessel. Now, this rule bas been 
reconciled with observation, even on the supposition of an invariable 
level, only by an ingénions fiction, suggested by the singular pheno- 
menon of the contraction of the liquid filament. The case of a 
variable level is scarcely entered upon yet ; or any which involves 
the form and size of the orifice. As for more complex cases, — ^their 
theory îs yet entîrely in its infancy. * 

From this cnrsory revîew of Barology we may carry away sorae 
idea of its spirit, and of the progress of which it admits. Imperfect 
as our survey bas been, we may perceive that this first province of 
Physics is not only the purest, but the richest. We may observe 
in it a character of rationality, and a degree of co-ordination which 
we shall not meet with in other parts of the science. It is becaiise 

• 

* The Bubjects hère spoken of by M. Comte bave recently received remarkable 
elucidation through expérimenta entered upon chiefly by the instrumentality of the 
" British Association for the Advancement of Science." There cannot be much hope, 
in the présent state of our knowledge, of ascending otherwise than empirically 
towards any gênerai law or rules which will either comprehend phenomena, or be of 
use in practice. — J. P. N. 
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we look for a consîstency and précision almost like those that we 
find in astronomy that we consîder barology so împerfect as we do. 
It has long attained its position of positivity : there îs no one of îts 
subdivisions which is not at least sketched ont : ail Existing state 
the gênerai means of investigation, Observation, of Barology, 
Experiment, and Comparison, bave been successively applied to it ; 
and tbus its future progress dépends only on a more complète 
harmony between thèse three methods, and on a more unîform and 
close combinatîon between the mathematical spirit and the physîcal. 
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CHAPTEK III. 

THERMOLOGY. 

Next to the phenomena of gravity, those of beat are, unqiiestîon- 
ably, the most universal in the province of Physics. Throughout 
the economy of terrestrîal nature, dead or living, the function of 

heat is as important as that of gravity, of whîch ît is 
the chief antagonist The considération of gravity 
présides over the geometrical and mechanical study of bodies: 
while that of heat prevails in its turn, when we investigate deeper 
modifications, relating to either the state of aggregation or the com- 
position of molécules : and finally, vitality is subordinated to it. 
The intelligent application of beat constitutes the chief action of 
man upon nature. Thus, after barology, thermology is, of ail the 
parts of physics, the one which most deserves our study. 

The earliest scientific observations in thermology are almost as 
old as the discoveries of Stevinus and Galileo on gravity, the inven- 
tion of the thermometer having taken place at the beginning of the 
seventeenth century : but, owing to the complication of its pheno- 

mena, it bas always been far distanced by barology. 
** ^' At the end of the seventeenth century, the indications 
of the thermometer could not be compared, for want of two fixed 
points, the necessity for which was, at that time, pointed ont by 
Newton. The greatest difierence between the two studies, however, 
was in theîr spirit. While philosophers were already inquiring, 
with regard to weight, what were its phenomena and their laws, 
those who were studying heat were looking for the nature of fire, 
and reducing the facts of the case to something merely episodical. 
It was only at the end of the last century, that the great discoveiy 
of Black imparted anything of a scientific character to thermology, 
while barology was almost as much advanced as it is now. Our 
philosophers still entertain some of the old chimeras ; but now very 
loosely, and, as they say, to facilitate the study of the phenomena. 
The labours of Fourier, however, must soon establish a thoroughly 
scientific method ; and this resuit cannot but be aided by the fact 
that the two great modem hypothèses about the nature of heat are 
in direct collision. It is certain that, of ail the provinces of physics, 
thermology is the nearest to a complète émancipation from the 
anti-scientific spirit 
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Of ail the branches of Physîcs which admit Mathematîcal 
Analysis, this is the one which exhibits the most Rdationto 
spécial application of ît. Barology enters into the Mathenuuica, 
province of rational mechanics; and so, in a less degree, does 
acoustics. The analytical theory of beat now offers a scientific 
character as satisfactory as that of gravity and sound ; and it may 
be treated as a dependency of abstract Mechanics, without any 
resort to chimerical hypothèses. Our présent business is, however, 
with the purely physical study of Heat. 

SECTION I. 

MUTUAL THERMOLOGICAL INFLUENCE. 

Physical thermology consists of two parts, distinct, but nearly 
connected. The first relates to the mutual influence 
of two bodies in altering their respective tempera- ^^^ 
tures. The second consists in the study of those altérations : that 
is, of the modifications or entire change v^rhich the physical consti- 
tution of bodies may undergo in conséquence of their variations of 
température, stopping at the point at which chemistry intervenes, 
— that is, where the molecular composition becomes affected. The 
first of thèse consists in the theory of warming and cooling. 

TSo thermological efifect is produced between bodies of precisely 
the same température. The action begins when the First : Mutual 
températures become unequal. The warmer body irifluence. 
then raises the température of the coder ; and the coder depresses 
that of the warmer, till, sooner or later, they reach a common tem- 
pérature. Though the final state may usually be at an unequal 
distance from the two extrêmes, action is not, properly speaking, 
the less truly équivalent to reaction in a contrary direction. This 
case again divides itself into two. The bodies may act at a distance, 
greater or smaller ; or they may be in contact. The first case con- 
sti tûtes what is called the radiation of heat 

The direct communication of heat between two isdated bodies 
was long denied by philosophers, who regarded the air, or some 
other médium, as indispensable to the effect. But there is now no 
doubt about it ; as thermological action takes place in a vacuum : 
and the small density and conducting power of the air could not 
account for the effects observed in the majority of ordinaiy cases* 
This action, like that of gravity, extends, no doubt, to ail distances, 
in conformity to the fundamental approximation between thèse two 
great phenomena, pointed ont by Fourier : for we can conceive of 
the planets of our System as exerting an appréciable mutual influ- 
ence in this respect: and it seems as if the température of the whole 
Bolar System were attributable to the thermometrical equilibriun) 
to which ail the parts of the universe are for ever tending. 
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The first law relating to siich an action consîsis in îts rectilînear 
Jtadiation propagation. Thongh the term radiation has been 
offfeat. connected wîth untenable hypothèses, we may retain 
it, provided we carefully restrict it to the meaning that it is in a 
Hght line that two points act thermologically on each other. It 
thus implies that in placing bodies to prevent this mutual action 
between two others, the absorbing body must be placed in a right 
line. — ^This radiating beat can be reflected like Hght, and in con- 
formity with the same rule : and it undergoes the same refractions 
as light, with some modifications. — Another question about this 
action relates to the influence of the direction of radiation considered 
in regard to the surface of eîther the warming or the warmed body. 
The experiments of Leslie, confirmed by the mathematical results 
of the case, hâve established that, in either case, the intensity of the 
action is greater as the rays approach the perpendicular, and that 
it varies in proportion to the sine of the angle that they form with 
each surface. — The last considération, and the most important, is 
the différence of températures between the two bodies. When this 
différence is not very great, the intensity of the action is in précise 
proportion to it : but this relation appears to cease when the tem- 
pératures become very unequal. 

When the radiation is not direct, but transmitted through an 
întermediate body, the conditions just notîced become complicated 
with new circumstances relating to the action of the interposed body. 
We owe to Saussure a fine séries of experiments — hardly varied 
enough, however — ^upon the effect of a set of transparent coverings 
in changing remarkably the natural mode of accumulation or dis- 
persion of beat whether radiant or obscure. More recently, M. 
Melloni has pointed out an essential distinction between the trans- 
mission of beat and that of lîght, in proving that the most translucent 
bodies are not always those through which beat passes most easily ; 
as was previously supposed. 

It is well for physicists to separate the radiation of heat from its 
Propagation propagation by contact, for analytical purposes ; but 
by Contact. jt is évident that the séparation cannot be found in 
nature. They are always found in connection, however nnequally. 
Besides that the atmosphère can hardly be absent, and is always 
establishîng an equilibrium of heat between bodies that are apart, 
it is clear that it is only the state of the surface that can be deter- 
mined by radiation. The interior parts, which bave as much to do 
with the final condition as the surface, can grow warmer or coder 
only by contiguous and graduai propagation. Thus, no real case 
can be analysed by the study of its radiation alone. And again, 
the action by contact of two bodies can take place only in those 
small portions which are in contact, while the bodies are acting 
upon each other by the radiation of ail the rest of their surfaces. 
Thus, though the two modes of action are really distinct, the 
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knalysis of eîther îs rendered extremely difficult by theîr perpétuai 
combinatîon. 

Of the three conditions notîced above, relatîng to the action 
exerted at a distance, the only one which applies equally to the pro- 
pagation of beat by contact is the différence of températures. ïhe 
température of the parts in question can bave so little inequality, 
that the law which makes the action increase in proportion to the 
différence may be regarded almost as an exact expression of the 
fact. As for the law relating to dû-ection, it probably subsists hère 
too, though we cannot be perfectly assured of it. But that law 
which relates to the distance must be totally changed ; for, on the 
one hand, the action of the almost contiguous particles cannot be 
nearly so great as the variations which we are able to estimate 
would lead us to suppose ; and, on the other hand, when we com- 
pare the varions small intervais between them, the diminution ig 
certainly much more rapîd than in the case of distant bodies. 

Whatever maybe the mode of the warming and cooling of respective 
bodies, the final state which is established under the laws just 
noticed is numerically determined by three essentîal coeflScients, 
proper to every natural body, as its spécifie gravity is in barology. 

Under the old term condv^tihility, two properties were con- 
founded, which Fourier separated, giving them the conductibiiu 
names of penetrability and permeàbility ; the flrst ^' 

signifying that by which beat is adraitted at the surface, or dispersed 
from it, and the oth^r that by which the changes at the surface are 
propagated through the interior. Permeàbility dé- 
pends altogether on the nature of the body and its state ^"^^ * **^' 
of aggregation. The différences of bodies în-this respect hâve 
always been open to observation ; for instance, the l'apid propagation 
of heat in metallic bodies in comparison with coal, which may be 
burning at one point and scarcely warm a few inches off, while the 
heat rapidly pervades the whole body of métal. It varies with the 
physical constitution of bodies, so diminishing in fluîds that even 
Rumford went so far as to deny permeàbility in them altogether, 
ascribing the propagation of heat in them to interior agitation. 
ïhîs was a mistake ; but permeàbility is very weak in liquids, and 
weaker still in gases. As to penetrability, while p^netrauiu 
partly depending on the state of aggregation of bodies, * ^ ^' 

it dépends much more ou the state of their surfaces, — on colour, 
polish, and the regularity in which radiation in varions directions, 
can take place, and divers other modifications : and it changes in the 
same surface as it is exposed to the action of différent média. 

Strictly speaking, the différent degrees of thèse two kinds of 
conductibility cannot affect the final thermological state of the two 
bodies, but only the time at which it is reached. Yet, as real 
questions often become mère questions of time, it îs clear that if the 
inequalities are very marked, they must affect the intensity of the 
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l)henomena under siudy; for instance, where the permeability îs so 
i'eeble that the requîsite interior beat cannot be obtained in time, 
but by applyîng such beat to the surface as will break or burn it ; 
in which case, the phenomenon cannot take place ; or not withîn any 
practicable time. In gênerai, the more perfect botb kinds of 
conductîbility, the better the bodies will obey the laws of thermologi- 
cal action, at a distance or in contact. It would therefore be very 
important to measure the value of thèse two coefficients for ail 
bodies under study : but unhappily such estimâtes are at présent 
extremely imperfect. ïhe business was vague enough, of course, 
when the two kinds of conductibility were confounded ; but Fourier 
bas taught us how to estimate permeability directly, and, of course, 
penetrability indirectly, by subtracting the permeability from the 
total of conductibility. But the application of bis methods is as 
yet hardly initiated. 

One considération, that of sfptdfic heat^ remains to be noticed, as 
SneiMcheaL ^^^curring to regulate the results of thermological 
action. Whether under conditions of equal weîght, or 
of equal volume, the différent substances consume distinct quantities 
of beat to raise their température equally. This property, of which 
little was known till the latter half of the last century. dépends, 
like permeability, only in a less degree, on the physical constitution 
of bodies, while it is independent of the state of their surfaces. It 
must considerably affect the equal ized température common to two 
bodies, which cannot be equally différent from the primitive tem- 
pérature of each, if they ditt'er from each other in the point of their 
spécifie beat. Physicists bave achieved a good deal in the estimate 
of spécifie beat. ïhe best method is that of experiment with the 
calorimeter, invented by Lavoisier and Laplace, for its measure- 
ment. The quantity of beat consumed by any body at a deter- 
minate élévation of température, is estimated by the quantity of ice 
melted by the beat it gives out in its passage from the highestto the 
lowest température. The apparatus is so contrived as to isolate the ex- 
periment from ail thermological actionof the vessel and of the médium; 
and thus the results obtained are as précise as can be desired. 

Thèse are thethree coefficients which serve to fix the final tempéra- 
tures which resuit from the thermological equilibrium of bodies. 
Till we know more of the laws of their variations, it is natural to 
suppose them essentially uniform and constant : but it would not 
be rational to conçoive of conductibility as identical in ail directions, 
in ail bodies, bowever their structure may vary in différent directions ; 
and spécifie beat probably undergoes changes at extrême tempéra- 
tures, and especially in the neighbourhood of those which détermine 
a new state of aggregation, as some experiments already seem to 
indicate. However, thèse modifications are still so uncertain and 
obscure, that physicists cannot be blamed for not keeping them, at 
this day, perpetually in view. 
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SECTION II. 

CONSTITUENT CHANGES BY HEAT. 

The second part of thermology is that which relates to tlie altéra- 
tions caused by beat in the physical constitution ^^ a ^ w 
bodîes. Thèse altérations are of two kinds; changes Comtit^-nt 
of volume, and the production of a new state of aggre- chatte» hy 
gatîon ; and this is the part of thermology of which 
we are least ignorant. 

Thèse phenomena are independent of those of warming and cool- 
îng, though they are found together. When we beat any substance, 
the élévation of température is determined solely by the portion of 
beat consumed, the rest of which (often the greater part), insensible 
to the thermometer, is absorbed to modify the physical constitution. 
This is what we mean when we say that a portion of jj t th t 
beat has become latent; a term which we may retain, 
though it was originally used in connection with a theory about the 
nature of beat. This is the fundamental law discovered by Black, 
by observation of the indisputable cases in which a physical modi- 
fication takes place without any change of température in the modi- 
fied body. When the two effects coexist, it is much more difficult 
to analyse and apportion them. 

Considering first the laws of change of volume, it is a gênerai 
truth that every homogeneous body dilates with beat changt of 
and contracts with cold; and the fact holds good with volume. 
heterogeneous bodies, such as organized tissues especially, in regard 
to their constituent parts. There are very few exceptions to this 
rule, and those few extend over a very small portion of the ther- 
mometrical scale. The principal anomaly however being the case 
of water, it has great importance in natural history, though not 
much in abstract physics, except from the use that pbilosopbers bave 
made of it to procure an invariable unity of density, always at com- 
mand. Thèse anomalies, too rare and restricted to invalidate any 
gênerai law, are sufficient to discrédit ail à 'priori explanations of 
expansions and contractions, according to which every increase of 
température should cause an expansion, and every diminution a 
contraction, contrary to the facts. 

Solids dilate less than liquids, under the same élévation of tempéra- 
ture, and liquids than gases ; and not only when the same substance 
passes through the three states, but also when différent substances 
are employed. The expansion of solids proceeds, as far as we know, 
with perfect uniformit}'. We know more of the case of liquids, 
which is rendered extremely important from its connection with the 
true theory of the thermometer, without which ail thermological 
inquiries would be left in a very dubious state. Experiments, 
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devised by Dulong and Petit, hâve shown that for above three hun- 
dred centigrade degrees the expansion of the mercury foUows an 
exactly uniform course, — eqùal increase of volume being produced 
by beat able to melt equal weights of ice at zéro. ïhis is the only 
case fuUy established ; but we hâve reason to believe that the rule 
extends to that of ail lîquids. The most marked case of such regu- 
larity is that of gases. Not only does the expansion take place by 
equal gradations, as usually in liquids and solids, but it affects ail 
gases alike. Gases differ from each other, like liquîds and solids, 
in their density, their spécifie beat, and their permeability; yet they 
ail dilate uniformly and equally, their volume increasing three- 
eighths, from the température of melting ice to that of boiling 
water. Vapours are like gases in thîs particular, as în so many 
others. Thèse are the simple gênerai laws of the expansion of elastic 
fluids, discovered at once by Gay-Lussac at Paris, and Dalton at 
Manchester. 
Chxingt in state Next,. we have to noticc the changes produced by 
of aggregation, j^e^t în the statc of aggregatiou of bodies. 
Solidity and fluidity used to be regarded as absolute qualities of 
bodies ; whereas, we now know them to be relative, and are even 
certain that ail solid bodies mîght be rendered fluid if we could 
apply beat enough, avoiding chemical altération. In the convei-se 
way, we used to suppose that gases must préserve their elasticity, 
through ail degrees of cooling and of compression ; whereas Bussy 
and Faraday have shown us that most of them easily become liquid, 
when they are seized in their nascent state ; and there is every reason 
to believe that by a due combination of cold and pressure, they may 
be always liquefied, even in their developed state. Under this view, 
therefore, différent substances are distinguished only by the différent 
parts of the indefinite thermometrical scale to which their successive 
states, solid, liquid, and gaseous, correspond. But thîs simple 
inequality is an ail-important characteristic, which is not yet 
thoroughly connected with any other fundamental quality of each 
substance. Density is the relation which is the least obscure and 
variable, — gases being in gênerai less dense than liquids, and liquids 
than solids. But there are striking exceptions in the second case, 
and might be in the first, if we knew more of gases în regard to 
compression, and in varied cîrcumstances of other kinds. As for the 
three states of the same substance, there is always, except in some 
cases of scarce anomaly, raréfaction in the fusion of solids and in 
the evaporation of liquids. AU thèse changes have been brought 
by the illustrions Black under one fundamental law, which is, both 

from its importance and its universality, one of the 
gagemeTuând finest discoveries in natural philosophy. It is this : 
disengage- that în the passage from the solid to the liquid state, 
ment ofheaL ^^^ ^^^^ ^j^^^ ^^ ^j^^ gascous, cvery substance always 

absorbs a more or lésa distinguishable quantity of beat, without 
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taîsing îts température ; while the inverse process occasions a 
disengagement of beat precîsely correspondent to the absorption. 
Thèse dîsengagements and absorptions of beat are evidently, after 
chemical phenomena, the principal sources of beat and. cold. In 
an experiment of Leslie's, an eva})oration, rendered extremely rapid 
by artificial means, bas produced the lowest températures known. 
Emînent natural philosophers bave even believed that the beat which 
is so abundantly disengaged in most great chemical combînations 
could proceed only from the différent changes of state which com- 
monly resuit from them. But tbis opinion, though true in regard 
to a great number of cases, bas too many exceptions to deal with to 
become a gênerai principle. 

We bave now done with pbysical thermology. But the laws of 
the formation and tension of vapeurs now form an 
appendix to it ; and also of course hygrometry. The ^vo^irs, 

theory is, io fact, the necessary complément of the doctrine of 
changes of state ; and tbis is its proper place. 

Before Saussure*s time, evaporation was regarded as a chemical 
fact, occasioned by the dissolving action of air upon liquids. He 
showed that the action of the air was adverse to evaporation, except 
in the case of the rénovation of the atmosphère. ïhe test was 
found in the formation of vapour in a restricted space. Saussure 
found that, in such a case, with a given time, température, and 
space, the quantity and elasticity of the vapour were always the 
same, wbether the space was a vacuum or filled with gas. ïhe 
mass and tension of the vapour increased steadily with the tem- 
pérature ; whereas it appears that no degree of cold suffices to stop 
the process entirely, since ice itself produces a vapour appréciable 
by very délicate means of observation. We do not know by what 
law the increase of température accélérâtes the evaporation, at least 
while the liquid remams below boiling point ; but the variations 
in elasticity of the vapour produced bave been successfully studied. 

One term common to ail liquide is the boiling point. At that 
point, the rising tension of the vapour formed bas become equal to 
the atmospheric pressure ; a fact which can be ascertained by direct 
experiment. Proceeding from tbis point, Dr Dalton Tempei^aturea 
(liscovered the important law that the vapeurs of ofebuiiuum. 
différent liquids hâve tensions always equal between tbemselves to 
températures equidistant from the corresponding boiling points, 
whatever may be otherwise the direction of the différence. ïbus, 
the boiling of water taking place at one bundred degrees, and that 
of alcohol at eîghty degrees, the two vapeurs, having at that point 
the same tension, equal to the atmospheric pressure, will then bave 
equal elasticities, superior or inferior to the preceding, when their 
two températures are made to vary in the same number of degrees. 
The many new liquids discovered by chemists since tbis law was 
iound bave ail tended to confivm it It is very désirable that some 
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harmony should be discovered between the boiling températures of 
différent liquids and theîr other properties ; but thîs remains to be 
done, and thèse températures appear to us entirely incohérent, 
though there is every reason to believe that they are not so. 

It is évident that this law of Dalton's simplifies prodigiously the 
inquiry into the variation of the tension of vapours, according to 
their températures ; since the analysis of thèse variations in one 
instance will serve for ail the rest. The experiments undertaken 
for this purpose by Dr Dalton and bis successors bave not fully 
established the rule of proportion between the tension and the tem- 
pérature : but an empirical law proposed by Dulong bas thus far 
answered to the observed phenomena. AU à priori déterminations 
of the law bave utterly failed. 

The study of hygrometrical equilibrium between moîst bodîes 
HygrometricaZ seems a natural adjunct to the theory of evaporation. 
equilibrium, Saussure and Deluc bave given us a valuable instru- 
ment for thîs inquiry ; but we know scarcely anything of the laws 
which regulate the equilibrium of moisture. Prévision, which is 
the exact measure of science of every kind, is almost non-existent 
in the case of hygrometry. The small part that it plays in the 
inorganic departments of nature is, no doubt, the reason of the little 
attention that physicists bave devoted to it : but we shall hereafter 
find how important is its share in vital phenomena. According to 
M. de Blainville, hygrometrical action constitutes the first degree 
and elementary mode of the nutrition of livîng bodies, as capillarity 
is the germ of the most simple organic motions. In this view, the 
neglect is much to be regretted. It is one instance among a multi- 
tude of the mischiefs arising from the restricted training of natural 
philosophers. In this case, two important studies, which can be 
accomplished only by physical inquirers, are neglected, merely 
because their chief destination concerns anotlier department of 
science. 

After this survey, we can form some idea of the characteristics of 
this fine section of Physics. We see the rational connection of the 
différent questions coraprised in it ; the degree of perfection which 
each of them bas attained ; and the gaps which remain to be filled 
up. A vast advance was made when, by the genius otFourier, the 
most simple and fundamental phenomena of beat were attached to 
an admirable mathematical theory. 

SECTION IIL 

CONNECTION WITH ANALYSIS. 

This theory relates to the first class of cases, — ^those in which an 
equalization of beat takes place between bodies at a distance or in 
contact ; and not at ail to those in which the physical constitution 
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îs altered by beat It îs only by an indirect investigation tbat we 
can learn how beat, once introduced into a body from Thermoiogy 
the surface, extends tbrou<]ch its mass, assi^^rninor to eacb connected wUh 
point, at any fixed moment, a determinate tem- -^»«'y'"- 
perature ; or tbe converse — liow this interior beat is dissipated, by 
a graduai dispersion through tbe surface. As direct observation 
could not belp us bere, we must remain in ignorance, if Fourier bad 
net brouglit matbematical analysis to tbe aid of observation, so 
as to discover tbe laws by wbicb tbese processes take place. Tbe 
perfection witb wbicb this bas been done opens so wide a field 
of exploration and application, unités so strictiy tbe abstract and 
the concrète, and is so pure an example of tbe positive aim and 
method, tbat future générations will probably assigu to îliis achieve- 
ment of Fourier's tbe next place, as a matbematical création, to the 
theory of gravitation. Many contemporaries bave bastened into tbe 
new field thus opened ; but most of tbem bave used it only for 
analytîcal exercisea wbicb add notbingtoour permanent knowledge ; 
and perbaps tbe labours of M. Duhamel are bitherto tbe only ones 
which afford really any extension of Fourier*s theory, by perfecting 
the analytical représentation of thermological phenomena. 

According to tbe plan of this work, we ought not to quit tbe 
limits of natural philosopby to notice any concrète considérations 
of natural bistory, — tbe secondary sciences being only derivatives 
from tbe primary. It is departfng from our rule, therefore, to bring 
forward the important theory of terrestrial températures : yet this 
most important and difficult application of matbematical thermoiogy 
forms so înteresting a part of Fourier 's doctrine, tbat I cannot 
refrain from ofiFering some notice of it. 

SECTION IV. 

TERRESTRIAL TEMPERATURES. 

Tbe température of eacb point of our globe is owîng (puttîng aside 
local or accidentai influences) to the action of three Ten-tstriai 
gênerai and permanent causes variously combined : tempei-atures. 
first, tbe solar beat, affecting différent parts unequally, and sub- 
jected to periodical variations : next, tbe interior beat proper to tbe 
eartb since its formation as a planet : and thirdly, the gênerai ther- 
mometrical state of tbe space occnpied by the solar system. The 
second is the only one of the three wbicb acts upon ail tbe points of 
the globe. Tbe influence of the two others is coufined to the sur- 
face. The order in wbicb tbey bave become known to us is tliat 
in wbicb I bave placed tbem. Before Fourier's time, tbe whole 
subject bad been so vaguely and carelessly regarded, tbat ail the 
phenomena were ascribed to solar beat alone. It is true, the notion 
of a central beat was very ancient ; but this hypoyiesis, believed in 
and rejected witbout sufBcient reason, bad no scientific consistency, 
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— ^the question havîng nevér been raîsed of the effect of tliîs original 
lieat on the thermological variations at the surface. The theory of 
Fourier afforded hîm mathematical évidence that at the surfoce the 
températures would be widely différent from what they are, both in 
degree and mutual proportion, if the globe were not pervaded by a 
, , . ^ , beat of its own, independent of the action of the sun ; 
a beat which tends to dispersion from the surface, by 
radiation towards the planets, though the atmosphère must con- 
siderably retard tliis dispersion. ïhîs original beat contributes 
very little, in a direct way, to the températures at the surface ; but 
without it, the solar influence would be almost wholly lost, in the 
total mass of the globe ; and it therefore prevents the periodical 
variations of température from following other laws than those which 
resuit from the solar influence. Immediately below the surface, the 
central beat becomes prépondérant, and soonest in the parts nearest 
the equator ; and it becomes the sole regulator of températures, and 
in a rigorously uniform manner, in proportion to the depth. — As to 
Température ^^^ third cause, Fourier was the first to conçoive of 
of the pianet- It. Hc was wont to givo, in a simple and striking 
ary mtervais, form^ the rcsults of liis iuquirics in the saying that if 
the earth left a thermometer behind it in any part of its orbit, the 
instrument (supposing it protected from solar influence) could not 
fall indefinitely : the column would stop at some point or other, 
which would indicate the température of the spaoe in which we 
revolve. This is one way of saying that the state of the tempéra- 
tures on the surface of the globe would be inexplicable, even con- 
sidering the interior beat, if the surrounding space had not a 
determinate température differing but little from that which we 
should fiud at the pôles, if we could precisely estimate it. It is 
remarkable that, of the two new thermological causes discovered by 
Fourier, one may be diiectly observed at the equator and the other 
at the pôles ; whilst, for ail the intermediate points, our observation 
must be guided and interpreted by mathematical analysis. 

New as this difficult inquiry is, our progress in it dépends only 
on the perfectîng of the observations which Fourier's theory bas 
marked out for us. When the data of the problem thus become 
better known, this theory will enable us to lay hold of some certain 
évidences of the ancient thermological state of our globe, as well as 
of its future modifications. We bave already learned one fact of 
high importance ; that the periodical state of the earth's surface 
lias become essentially fixed, and cannot undergo any but imper- 
ceptible changes by the continuons cooling of the interior mass 
through future âges. This rapid sketch will suffice to show what 
a sudden scientific consistency has been given, by the labours ofone 
man of genius, to this fundamental portion of natural bistory, which, 
before Fourîer's time, was made up of vague and arbitrary opinions, 
mingled with incomplète and incohérent observations, out of which 
no exact gênerai' vie w could possibly arise; 
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CHAPTER IV. 

ACOUSTICS. 

This science had to pass, like ail the rest, through the theologîcal 
and metaphysîcal stages ; but it assumed its positive 
character about the same time with Barology, and as 
corapletely, thoiigh our knowledge of it is, as yet, very scanty, in 
comparison with what we hâve learned of gravity. The exact 
information which was obtained in the middle of the seventeenth 
century abont the elementary mechanical properties of the atmos- 
phère, opened upa clear conception of the production and transmission 
of sonorous vibrations. The analysis of the phenomena of sound 
fihows us that the doctrine of vibrations offers the exact expression 
of an incontestable reality. Besides its philosophical interest, and 
the direct importance of the phenomena of Acoustics, this depart- 
ment of Pl)ysic8 appeals to spécial attention in two principal 
relations, arising from its use in perfecting our fundamental ideas 
regarding inorganic bodies, and Man himself. 

By studying sonorous vibrations, we obtain some insight into the 
interior mechanical constitution of natural bodies, .. 
manifested by the modifications undergone by the thestudyof 
vibratory motions of their molécules. Acoustics *^^^^^ 
afibrds the best, if not the only means for this *"* 
inquiry ; and the small présent amount of our acquisitions seems to 
me no reason why we should not obtain abundant results when the 
study of acoustics is more advanced. It has already revealed to us 
Kome délicate properties of natural bodies which could not hâve 
been perceived in any other way. For instance, the capacity to 
contract habits, — a faculty which seemed to belong exclusively to 
living beings (I mean the power of contracting fixed dispositions, 
according to a prolonged séries of uniform impressions), — is clearly 
shown to exist, in a greater or smaller degree, in inorganic apparatus. 
By vibratory motions, also, two mechanical structures, placed 
apart, act remarkably upon each other, as in the case of two clocks 
placed upon the same pedestal. 

On the other hand, acoustics forms a basis to physiology for the 
analysis of the two elementary functions which are juiationto 
most important to the establishment of social relations, Physiaioçy. 
•r-hearing and the utterance of sound, Futting aside, in this place^ 



2 r 2 POSITIVE PHIL OSOPHY. 

ail the nervous phenomena of the case, ît îs clear that the înquîry 
rests on a knowledge of the gênerai laws of acoustics, which regiilate 
the mode of vibration of ail aiiditory apparatus. It is remarkably 
so with regard to the production of the voice, — a phenomenon of 
the same character with that of the action of any other sonorous 
instrument, except for its extrême complication, through the 
organîc variations which affect the vocal System. Yet, it is not to 
physicists that the study of thèse two great phenomena belongs. 
The anatomists and physiologists onght not to surrender it to them, 
but to dérive from physics ali the ideas necessary for conducting the 
research themselves: for physicists are not prepared with the 
anatomical data of the problem, nor yet to supply a sound physiolo- 
gical interprétation of the results obtained. Science bas indeed 
suffered from the préjudices which bave grown out of the introduc- 
tion into physics of superficîal théories of hearing and phonation, 
from physical inquirers having intruded upon the province of the 
physiologists. 

After Barology, there îs no science which admitsof the application 
Meiationto of mathematical doctrines and methods so well as 
Mathenuuics. Acoustics. In the inost gênerai view, the phenomena 
of Sound evidently belong to the theory of very minute oscillations 
of any System of molécules round a situation of stable equilibrium ; 
for, in order to the sound being produced, there raust be an abrupt 
perturbation in the molecular equilibrium ; and tliis transient 
dérangement must be foUowed by a quick retura to the primitive 
state. Once produced, in the body directly shaken, the vibrations 
may be transmitt^d at considérable intervais, by means of an elastic 
médium, by exciting a graduai succession of expansions and con- 
tractions which are in évident analogy with the waves formed on 
the surface of a liquid, and bave given occasion to the term sonorous 
undulations. In the air, in particular, so elastic as it is, the 
vibration must propagate itself, not only in the direction of the 
primitive concussion, but in ail directions, in the sanae degree. The 
transmitted vibrations, we must observe, are always necessariljr 
isochronal with the primitive vibrations, though their amplitude 
may be widely différent. 

It is clear from the out«et that the science of acoustics becomes, 
almost from its origin, subject to the laws of rational Mechanics. 
Since the time of Newton, who was the first to attempt to deteimine 
the rate of propagation of sound in the air, acoustics bas always 
been more or less mîxed up with the labour of geometers to develop 
abstract Mechanics. It was from simple considérations of acoustics 
that Daniel Beruouilli derived the gênerai principle relating to the 
necessary and separate coexistence, or independency, of small and 
varions oscillations occasioned at the same time in any System, by 
distinct concussions. The phenomena of sound afford the be^ 
jealization of that law^ without which it would be impossible to 
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expTaîa the commonest phenomenon of acoustics, — the simnltaneans 
existence of numerous and distinct sounds, fiuch as we are every 
moment hearing. 

Thongh the connection of acoiistîcs with rational Mechanics îs 
a!most as direct and complète as that of Barology, this matheinatîcal 
character is far less manageable in the one case than the other. 
The most important questions in barology are immediately connected 
wîth the clearest and most primitive mechanical théories ; whereas 
ihe mathematical study of sonorous vibrations dépends on that 
dîfficult and délicate dynamical theoiy, — the theory of the pertur- 
bations of equilibrium, and the differential équations which it 
furnishes relative to the highest and most imperfect part of the 
intégral calcuhis. Vibratory motion of one dimension is the only 
one, even in regard to solids, whose mathematical theory is complète. 
Of Kuch motion of three dimensions we are, as yet, wholly ignorant. 

To form any idea of the difficulties of the case, we must reraember 
that vibratory motions must occasion certain physical modifications 
of another nature in the raolecular constitution of bodies ; and that 
thèse changes, though afifecting the vibratory resuit, are too minute 
and transient to be appréciable. The only attempt that lias been 
made to analyse such a complication is in the case of the thermo- 
logical efiects which resuit from the vibratory motion. Laplace 
used this case to explain tlie différence between the velocity of 
Sound in the air as determined by experîment and that prescribed 
by the dynamic formula, which indicated a variation of about one- 
sixth. This diflference is accounted for by the heat disengaged by 
the compression of the atmospheric strata, which must make their 
elasticity vary in a greater proportion than their density, thereby 
accelerating the propagation of the vibratory motion. It îs true, a 
great gap is left hère; since, as it is impossible to measure this disen- 
gagement of heat, we must assign to it conjecturally the value which 
compensâtes for the diflference of the two velocities. But we learn 
from this pracedure of Laplace the necessity of combining thermo- 
logical considérations with the dynamical theory of vibratory 
motions. The modification is less marked in the case of liquide ; 
and stîU less in that of solids ; but we are too far behind with our 
comparative experiments to be able to judge whether the modification 
is or îs not too inconsiderable for notice. 

Notwithstanding the emiuent diflaculties of the mathematical 
theory of sonorous vibrations, we owe to it such progress as has yet 
been made in acoustics. The formation of the ditferential équations 
proper to the phenomena is, independent of their intégration, a very 
important acquisition, on account of the approximations which 
mathematical analysis allows between questions, otherwîse hetero- 
geueous, which lead to similar équations. This fundamental 
jproperty, whose value we bave so often to recognize, applies 
remarkably in the présent case ; and especîally since the création of 
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mathematîcal thermology, whose principal équations are strongly 
analogous to those of vîbratory nootion. — ïhîs means of investigation 
ia ail the more valuable on account of the difficiilties in the way of 
direct inquiry înto the phenomena of sound. We may décide upon 
the necessity of the atmospheric médium for the transmission of 
sonorous vibrations ; and we may conceive of the possibility of deter- 
mining by experiment the duration of the propagation, in the air, 
and then through other média; but the gênerai laws of the vibra- 
tions of sonorous bodies escape immédiate observation. We should 
know almost nothing of the whole case if the mathematîcal theory 
did not come in to connect the différent phenomena of sound, 
enabling us to substitute for direct observation an équivalent 
examination of more favourable cases subjected to the same law. 
For instance, when the analysis of the problem of vibratîng chords 
bas shown us that, other things being equal, the number of oscilla- 
tions' is in inverse proportion to the length of the chord, we see 
that the most rapid vibrations of a very short chord may be counted, 
since the law enables us to direct our attention to very slow vibra- 
tions. The same substitution is at our command in many cases in 
which it is less direct. Still, it is to be regretted that the process 
of expérimentation bas not been further împroved. 

Acoustîcs consîsts of three parts. We mîght perhaps say four, 
-. . . including the timbre (ring or tone) arising from the 

particular mode of vibration of each résonant body. 
Thîs quality îs so real that we constantly speak of it, both in daily 
life and in natural history : but it would be wandering out of tlic 
department of gênerai physîcs to inquire what constitutes the ring 
or tone peculîar to différent bodies, such as stones, wood, metals, 
organized tissues, etc., whose properties lie within the scope of con- 
crète physics. But, if we regard this quality as capable of modifi- 
cation by changes of cîrcumstances, then we bring it into the domain 
of acoustics, and recognize its proper position, though we know 
nothing else about it. ïhat part of the science présents a mère 
void. 

ïhe three parts referred to are, first, the mode of propagation of 
sounds ; next, their degree of intensity ; and thirdjy, their musical 
tone. Of thèse departments, the second is that of which our know- 
ledge is most imperfect, 

SECTION L 

PROPAGATION OF SOUND. 

As to the first, the propagation of sound, the sîmplest, most 

Propaçaiwn iutcresting, and best known question is the measure- 

oftound. ment of the duration, especially when the atmosphère 

îs the médium. Newton enunciated it very simply, apart from ail 
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TDodîfyîng causes : — ^that the velocîty of sound îs tl'iat acquîred by 
a gravitatîng body falling from a heîght equal to half the weîgbt 
of tbe atmosphère, — supposing the atmosphère homogeneous. In 
an analogous way, we may calculate the velocîty of soimd in the 
différent gases, according to their respective densitîes and elastîci- 
ties* By this law the speed of sound in the air must be regarded 
as îndependent of atmospheric vicissitudes, since, by Mariette'» 
rules, the density and elasticity of the air always vary in proportion ; 
and their mutual relation alone influences the velocity in question. 
Of Laplace's rectification of Newton's formula, we took notice just 
DOW. — One important resuit of this law is the necessary identity 
of the velocity of différent sounds, notwithstanding their varying 
degrees of intensity or of acuteness. If any inequality existed, we 
should be able to establish it, from the îrregularity which must take 
place in musical intervais at a certain distance. 

AU mathematical calculations about the velocity of sound suppose 
the atmosphère to be motionless, except in regard to Effectofau 
the vibrations under notice, and it is one of the înter- mospheric 
estîng points of the case to ascertain what effect is «P»^a^*<>«- 
produced by agitations of the air. The resuit of experiments for 
this purpose is that, within the limits of the common winds, there 
is no perceptible effect on the velocity of sound when the direction 
of the atmospheric current is perpendicular to that in which the 
sound is propagated ; and that when the two directions coincide, 
the velocity is slightly accelerated if the directions agrée, and retarded 
if they are opposed : but the amount and, of course, Ihe law of this 
filight perturbation are unknown. — It is only in regard to the air 
that the velocity of sound has been effectually studied. 
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# t 

INTENSITY OF SOUNDS. 

We cannot prétend to be any wiser about the intensity of sounds, 
-which is the second part of acoustics. Not only intmsUy of 



bave the phenomena never been analysed or estimated, «o«w<^«- 
but the labours of the student bave added nothing essential to the 
results of popular expérience about the influences which regulate the 
intensity of sound ; such as the extent of vibrating surfaces, the dis- 
tance of the résonant body, and so on. ïhese subjects bave therefore 
no right to figure in our programmes of physical science ; and to ex- 
patiate upou thern is to misconceive the character of science, which 
eau never be anything else than a spécial carrying out of universal 
reason and expérience, and which therefore has for its starting-point 
the aggregate of the ideas spontaneously acquired by the generality 
^f raen in regard to the subjects in question. If we did but attend 
Xo this truth, we should simplify our scientific expositions not a 
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little, by strîppîng them of a multitude of superâiious détails whicli 
only obscure the additions that science is able to make to the fonda- 
mental mass of hnman knowledge. 

With regard to the intensity of sound, the only scientific inquiiy, 
— ^a vcry easy one, — wlûch has been accomplished, relates to the 
effect of the density of the atmospheric médium on the force of 
sounds. Hère acoustics confirms and explains the common obser- 
vation on the atténuation of sound in proportion to the rarity of the 
air, without informing us whether the weakening of the sound is iû 
exact proportion to the raréfaction of the médium, as it is natural 
to suppose. In my opinion, we knownothingyet of a matter usually 
imderstood to be settled, — the mode of decrease of sound, in propor- 
tion to the distance of the sounding body ; as to which science has 
added nothing to ordinary expérience. It is commonly supposed 
that the decrease is in an inverse ratio to the square of the distance, 
ïhis would be a very important law if we could establish it : but it 
is at présent only a conjecture; and I prefer admitting our ignorance 
to attempting to conceal a scientific voîd, by arbitrarily extending 
to this case the mathematical formula which belongs to gravitation. 
A natural préjudice may dispose us to find it again hère ; but we 
hâve no proof of its présence. 

It would be strange if we had any notion of the law of the case, 
when we bave not yet any fixed ideas as to the way in which inten- 
sity of sound may be estimated ; nor even as to the exact meanin<i; 
of the term. We hâve no instrument which can fulfil, with regard 
to the theory of sound, the same office as the pendulum and the 
barometer with regard to gravity, or the thermometer and electro- 
meter with regard to beat and electricity. We do not even discera 
any clear principle by which to conceive of a sonometer. While the 
science is in this state, it is mucli too soon to hazard any numerical 
law of the variations in intensity of sound. 



SECTION III. 

THEORY OP TONES. 

The tliird department of acoustics, — the theory of tones, — is by 
Theory of far the most interesting and satisfactory to us in its 
Tonet, existing state. 

The laws which détermine the musical nature of différent sounds, 
that is, their précise degree of acuteness or gravity, marked by the 
number of vibrations executed in a given tîme, are accurately known 
only in the elementary case of a séries of linear, even rectilinear, 
vibrations produced either in a metallic rod, fixed at one end and 
free at the other, or in a colnmn of air fiUing a veiy narrow cylin- 
drical pipe. It is by a combination of experiment and of mathe- 
matical theory tliat this case is understood. It is the most impor- 
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tant fov the ânalysis of the commonest inorganic instruments, but 
not for the study of the mechanism of hearîng and utterance. With 
regard to stretched chords, the established mathematical theory is 
that the number of vibrations in a given time is iu the direct ratio 
of the square root of the tension of the chord, and in the inverse 
ratio of the produot of its length by its thickness. In straight and 
homogeneous metallic rods this number is in proportion to the rela- 
tion of their thickness to the square of their length. This essential 
différence between the laws of thèse two kinds of vibrations is owing 
to the flexibility of the one sounding body and the rigidity of the 
pther. Observation pointed ît ont first, and especially with regard 
to the effect of thickness. Thèse laws relate to ordinary vibrations, 
which take place transversely ; but there are vibrations in a longi- 
tudinal direction much more acute, which are not affected by thick- 
ness, and in wliicb the différence between strings and rods dis^ippears, 
tlie vibrations varying reciprocally to the length ; a resuit which 
luîght be anticipated from the inextensibility of the string being 
équivalent to the rigidily of the rod. A third order of vibrations 
arises from the twisting of metallic rods, when the direction becomes 
more or less oblique. It ought to be observed, however, that récent 
experiments hâve shown that thèse three kinds are not radically 
distinct, as they can be mutually transformed by varying the direc- 
tion in which the sounds are piopagated. As for the sounds yielded 
by a slender column of air, the number of vibrations is in inverse 
jiroportion to the length of eaeh column, if the mechanical state of 
the air is undisturbed: otherwise, it varies as the square root of the 
relation between the elasticity of the air and its density. Hence it 
is that changes of température which alter this relation in the same 
direction hâve hère an action absolutely inverse to that which they 
produce on strings or rods : and thus it is explained by acoustics 
why it is impossible, as musicians bave always found it, to maintaiû 
through a changing température the harmony at first established 
between stringed and wind instniments. 

Tlitts far the résonant line bas been supposed to vibrato through 
its whole length. But if, as usually happens, the slightest obstacle 
to the vibrations occurs at any point, the sound undergoes a radical 
modification, the law of which could not bave been mathematically 
discovered, bnt has been clearly apprehended by the great acoustic 
experimentalist. Sauveur. He bas established that the sound pro- 
duced coïncide» with that which would be yielded by a similar but 
sborter chord, equal in length to that of the greatest common 
measure between the two parts of the whole string. The same dis- 
covery explains another fundamental law, which we owe to the same 
philosopher, — that of the séries of harmonie sounds which always 
accompanies the principal sound of every résonant string, their 
acuteness increasing with the natural séries of whole numbers ; the 
truth of which is easily tested by a délicate ear or by experiment. 
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The phenomenon is, îf not explained, exactly represented by refer- 
ring it to the preceding case ; though we cannot conçoive how the 
spontaneous division of the string takes place, nor how se many 
vibratoiy motions, so nearly simultaneous, agrée as they do. 

ïhese are the lavvs of simple sounds. Of the important theoryof 
CamposUion the Composition of sounds we hâve yet very imperfect 
of sounds. notions. 1 1 is supposed to be indicated by the experi- 
ment of the musician Tartîni, with regard to resulting sounds. He 
showed that the precisely simultaneous production of any two sounds, 
sufficiently marked and intense, occasions a single sound, graver 
than the other two, according to an invariable and simple ruie. 
Interesting as thîs fact is, it relates to physiology, and not to acoustics. 
It is a phenomenon of the nerves; a sort of normal hallucination of 
the sensé of hearing, analogous to optical illusions. 

ïhe vibrations of résonant surfaces bave exhibited some curions 
phenomena to observation, though the mathematical theory of the 
case is still in its infancy: and M. Savart*s observations on the 
vibratory motions of stretched membranes must cast much light on 
the auditory mechanism, in regard to the effects of degrees of tension, 
the hygrometrical state, etc. 

The study of the most gênerai and most complicated case, that 
of a mass which vibrâtes in three dimensions, is scarcely begun, 
cxcept with some hoUow and regular solids. Yet this analysis is 
above ail important, as without it, it is clearly impossible to com- 
plète the explanation of any real instrument ; even of those in which 
ihe principal sound is produced by simple lines, the vibrations of 
which must always be more or less modified fey the masses which 
are connected with them. We may say that the state of acoustics 
is such that we cannot explain the fundamental properties of any 
musical instrument whatever. Daniel Bernouilli worked at the 
theory of wind instruments; a subject which may appear very 
simple, but which really requires the highest perfection of tlie 
science, even putting aside those extraordinary eflfects, far transcend- 
ing scientific analysis, which the art of a musician may obtain from 
any instrument whatever, and restricting ourselves to influences 
which may be clearly defined and durably characterized. 

Imperfect as is our review of Acoustics, I hope we now understand 
something of its gênerai character, the importance of its laws, as far 
as we know them, the connection of its parts, the development that 
they bave obtained,and the intervais which are left void, to be fiUed 
up by future knowledge. 
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CHAPTER V, 

OPTICS. 

The émancipation of natiiral philosophy from tlieologîcal and meta- 
phjsical influence has thus far gone on by means of a succession of 
partial eiForts, each isolated in intention, though ail converging to 
a final end, amidst the entire unconsciousness of those HypothesU on 
who were bringîng that resuit to pass. Such an the nature 
incohérence is a valuable évidence of the foice of that ^^ ^^^' 
instinct which universally characterîzes modem inteUîgence ; but it 
is an evil, in as far as it has retarded and embarrassed and even 
întroduced hésitation into the course of our libération. No one 
having hitherto conceived of the positive philosophy as a whole, and 
the conditions of positivity not having been analysed, much less pre- 
scribed, with the modifications appropriate to différent orders of 
researches, it has followed that the founders of natnral philosophy 
hâve remained under theological and metaphysical influences in 
ail departments but the one in which they were working, even while 
their own labours were preparing the overthrow of those influences. 
It is certain that no thinker has approached Descartes in the clear- 
ness and completeness with which he apprehended the true character 
of modem philosophy ; no one exercised so intentionally an action 
so direct, extensîve, and eflTectual on this transfoimation, though the 
action might be transitory ; and no one was so independent of the 
S{)îrit of his contemporaries; yet Descartes, who overthrew the whole 
ancient philosophy about inorganic phenomena, and the physical 
phenomena of the organic, was led away by the tendency of his âge 
in a contrary direction, when he strove to put new life into the old 
theological and metaphysical conceptions of the moral nature of 
man. If it was so with Descartes, who is one of the chief types of 
the progress of the gênerai development of huraanity, we cannot 
be Burprised that men of a more spécial genius, who hâve been 
occupied rather with the development of science than of the human 
mind, should hâve followed a metaphysical direction in some matters, 
while in others not very remote they hâve manifested the true posi- 
tive spirit. 

ïhese observations are particularly applicable tothe philosophîcal 
hîstory of Optics, — ^the department of Physics in which an imperfect 
{)ositivism maintains the strongest consistence,: — chiefly through the 
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luathematical labours which are connected with it. The founders 
of this science are Ihose who hâve done most towards laying the 
foundations of the Positive Philosophy, — ^Descartes, Huyghens, and 
Newton ; yet each one of them was led away by the old spirit of the 
absolute to create a chimerîcal hypothesis on the nature of light 
That Newton should hâve done this is the most remarkable, con- 
sidering how his doctrine of gravitation had raîsed the conception of 
modem philosophy above the point at which Descartes had left ît, 
by establishing the radical inanity of ail research into the nature 
and mode of production of phenomena, and by showing that tlie 
great end of scientific effort is the réduction of a System of particular 
facts to one singular and gênerai fact. Newton liimself, whose 
favourite saying was, " I Physics, beware of Metaphysics I " 
allowed hîmself to be seduced by old habits of philosophisâng to 
personify light as a substance distinct from and independent of the 
luminous body: a conception as metaphysical as it would hâve beeu 
to imagine gravity to hâve an existence separate from tbat of the 
gravitating body. 

After what bas been said abont the i)hiIosophîcal theory of hypo- 
tliesis, there can be no occasion to expose the fictitious character of 
the respective doctrines of philosophera on the nature of light. Each 
one bas exposed the untenableness of those of others; and each 
explorer bas confîned himself to the évidence which favoured his 
own conception. Euler brougbt fatal objections against the doctrine 
of émission ; yet, at the présent day, our instructors conceal the fact 
that the advocates of the émission doctrine bave offered equally fatal 
objections to that of undulatîons. To take the most simple instance 
— Has the fact of propagation in ail directions, characteristic of tlie 
vibratory motion, ever been reconciled with the common phenomenon 
of nîght ; that is, of darkness produced by the interposition of an 
opaque body ? Does not the fundamental objection of the Newto- 
nians about this matter hold îts ground against the sjstem of De»- 
cartes and Hu3'ghens, untouched at this hour as it was above a 
century ago, after ail the subterfuges that bave been in use ever 
since ? The case is made clearer by the fact that there are pheno- 
mena which the two théories will suit equally well. If the laws of 
reflection and refraction issue with eqnal ease from the hypothèses 
of émission and undulation, it is pretty clear that our business is 
with the laws, and not with the hypothèses. The matbemattcal 
labours expended on the opposite théories will not bave been thrown 
away ; they will show, in a very short time, that the analytical 
apparatus is no ceitain instrument of truth, as it has served the 
purpose of both hypothèses equally well ; as it would, quite as 
oasily, of many others, if the progress of positivity was not exclnd- 
îng, more and more, thisr vicions method of philosophizing. It is 
true, the most enlightened advocates of both Systems are ready to 
give up the reality of émission and of undulation, and hold to ti^m 
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only as a matter of logîcal convenîence, — ^as a rail ying-poînt of ideaa. 
But if we can pass from the one hypothesis to the other without 
affecting the science at ail, it is clear that such an artifice is need- 
less. We must admit, as we before said, that the combînation of 
scientific ideas would be extremely difficult to minds trained under 
the prévalent habits of tliought, if they were suddenly deprived of 
such a mode of connection as they hère contend for ; but it is not 
the less true that the next génération of scientific thinkers would 
combine their ideas more easily, and much more perfectly, if they 
were trained to regard directly the relations of phenomena, without 
being troubled by artifices like thèse, which only obscure scientific 
realities. 

The hîstory of Optics, regarded as a whole, seems to show that 
thèse hypothèses hâve not sensibly aided the progress of the theory 
of light, since ail our important acquisitions hâve been entirely 
independent of them. This is true not only of the laws of reflection 
and refraction, which were dîscovered before thèse hypothèses wero 
created, but with regard to ail the other leading truths of Optics. 
The hypothesis of émission no more suggested to Newton the notion 
of the unequal refrangibility of the différent colours, than that of 
undulation disclosed to Huyghens the law of double refraction proper 
to certain substances. Great discoverers like thèse observe a con- 
nection of fàcts, and then create a hypothesis to account for the con- 
nection; and then those wlio come after them conclude that the 
ehimerical conceptions must be inséparable from the immorUil 
discoveries. There is a use, as I hâve before asserted, in thèse 
imagînary conceptions, which, in regard to their one function, are 
indispensable. They serve, transiently, to develop the scientific 
spirit by carryîng us over from the metaphysical to the positive 
System. They can do this and nothing more, and they accomplished 
their task some time ago. Their action can henceforth be only 
injurions, and especially in the case of Optics, as any one may sec 
who will inquire into the state of this science, — particularly since 
the almost upiversal adoption of the undulatory in the place of the 
emissive System. 

One more error must be Qoticed before we leave the subject of 
the unscientific pursuit of Optics. Some enlightened Excmive ten^ 
students imagine that the science acquiresa satisfac- dencytosya- 
tory rationality by being attached to the fundamental *^^^^ 
laws of universal mechanics. The émission doctrine, if it means 
anything, must suppose luminous phenomena to be in analogy with 
those of ordinary motion ; and if the doctrine of undulation means 
anything, it means that the phenomena of light and sound are alike 
in their yibratory agitation ; and thus the one party likens optica 
to barology and the other to acoustics. But not only is nothing 

lined by the supposition, but if either was the case, there would 
no room for imagination or for argument. The connection would 
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l)e at once apparent to ail eyes on tlie simple view of tlie plienomena.' 
Such a référence of phenomenato those gênerai laws lias never been 
a matter of question or of conjecture. The only difficulty has been 
to know those laws well enough to admit of the application. No 
one doubt«d the mechanical nature of the principal effectsof gravity 
and aound long before the progress of rational dynamics admitted 
of their exact analysis. The application powerfuUy tended, as we 
hâve seen, to the perfecting of barology and acoustics; but this 
was precisely because there was nothing forced or hypothetical 
about it, It is otherwise with Optics. Notwithstandîng ail 
arbîtrary suppositions, the phenomenaof light will always constitute 
a category sui generis, necessarily irreducible to any other : a light 
will be for ever heterogeneous to a motion or a sound. 

Again, physiological considemtions discrédit this confusion of 
ideas, by the characteristics which dîstinguish the sensé of siglit 
f rom those of hearing, and of touch or pressure. If we could abolish 
such distinctions as thèse by gratuitous hypothèses, there is no saying 
where we should stop in our wanderings. A chemical philosopher 
might make a type of the sensés of taste and smell, and proceed to 
lîxplain colours and tones by likening them to flavours and scents. 
It does not require a wilder imagination to do this, than to issue as 
a supposition, now become classical, that sounds and colours are 
radically alike. It is much better to leave such a pursuit of scientific 
unity, and to admit that the catégories of heterogeneous plienomena 
are more numerous than a vicions systematizing tendency would 
suppose. Natural philosophy would no doubt be more perfect if it 
were otherwise ; but co-ordination is of no use unless it rests on 
real and fundamental assimilation. — Physicists must then abstain 
from fancifuUy Connecting the phenomena of light and those of 
motion. AU that Optics can admit of mathematical treatment is 
with relation, not to mechanîcs, but togeometry, which is eminently 
applicable to it, from the evidently geometrical character of the 
principal laws of light. The only case in which we can conceive 
of a direct application of analysis is in certain optical researches in 
which observation would immediately furnish some numerical rela- 
tions : and in no case must the positive study of light give place to 
îi dynamical analysis. Thèse are the two directions in which geome- 
ters may aid the progress of Optical science, which they hâve only 
too effectually impeded by prolonging the influence of anti- 
scientific hypothèses through inappropriate and ill-conceived 
analyses. 

The genius of Fourier released us from the nçcessîty of applying 
the doctrine of hypothèses, as previously laid down, to the case of 
thermology : and neither barology nor acoustics required it As to 
electrology, there are abundance of chimerical conceptions prépon- 
dérant in that dcpartment : but their absurdities are so obvions, 
that almost ail their advocates acknowledge them. It is in Optics 
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ihat tlie plaiisîbility and consîstence of sncli chîmeras gîve them 
the most importance ; and I bave therefore chosen that départaient 
as the ground on which they should be jiidged. 

We will now pass IVom thèse useless hypothèses to the real know- 
Jedge that we are in possession of about the theory of light. ïhe 
Avhole of Optics is naturally divided into four départ- Divisions 
niénts, as hgbt, whether homogeneous or colomed, is ofOptics. 
direct, reflected, refracted, or difFracted. Thèse elementary eflFects 
iisiially coexist in ordinary phenomena; but they are distinct, and 
niust therefore be separately considered. Thèse four parts compre- 
hend ail optical phenomena which are rigorously universal ; but we 
must add, as an indispensable complément, two other sections, 
relating to double refraction and polarization. Thèse orders of 
])henomena are proper to certain bodies ; but, besides that they are 
a remarkable modification of fundamental phenomena, they appear 
in more and more bodies, as tlie study proceeds, and their condi- 
t ions refer more to gênerai circumstances of structure than to inci- 
dents of substance. For thèse reasons they ought to be exactly 
nnalysed. As for the rest, ît is not our business to classify the 
npplicatîon of thèse six departments either to natural history, as in 
the beautiful Newtonian theory of the rainbow, or to irrelevant 
ïhe arts, as in the analysis of optical instruments. matters. 
Thèse applications serve as the best measure of the degree of perfec- 
tion of the science ; but they do not enter into the field of optical 
pbilosophy, with which alone we are concerned. 

For the same reasons which hâve led us to condemn théories of 
hearing and utterance, in connection witli Physics, we Theory of 
must now refuse to inchide among optical phenomena vision. 
the theory of vision, which certainly belongs to physiology. Wben 
physicists imdertake the study of it, they bring only one of the 
spécial qualifications necessary, being otherwise on a level with the 
multitude ; and, however important their one qualification may be, 
it cannot fulfîl ail the conditions. It is in conséquence of so many 
conditions being unfulfilled, that the explanations hitherto offered 
hâve been so incomplète, and therefore iîlusory. There is scarcely 
a single law of vision which can be regarded as established on a 
sound basis, even where the simplest and commonest phenomena are 
in question. The elementary faculty of seeing distinctly at unequal 
distances remains without any satisfactory explanation, though 
physicists hâve attempted to refer it to almost every part of the 
ocular apparatus in succession. This humbling ignorance is no 
doubt owing to scientific men, both physiologists and physicists, 
having left the theory of sensations in the hands of the meta- 
physicians, who hâve got nothing out of it but some deceptive 
ideology : but before this time we should hâve approached to some- 
thîng like positive solutions, but for the bad organization of scientific 
Jabour among us.. If, from the time of thèse questions beginning 
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to assume a positive character, anatomists and physîologîsts had 
occupied themselves with a theory of vision gionnded on the materials 
fiirnished by Optical science, instead of looking to physicists for 
solutions which they could not furnîsh, our condition in regard to 
thîs important subject would be somewliat less déplorable tban it is. 
Another study which raust be excluded from Optics, and from 
&ptcijie ^ natural pliilosophy, is the theory of the colour of 

CoUnir of bodies. I need not explain that I am not referring 
hodxtB, iq i^Jjq admirable Newtonian experiments on the 

décomposition of light, which bave supplied a fundamental idea, 
common to ail the dei)artments of Optics. I refer to the attempts 
made to ascertain, now throngh the theory of émission, and now 
through that of ondulation, the inexplicable primitive phenomenou 
of the elementary colour proper to every substance. The so-called 
explanations, about the supposed faculty of reflecting or transmitting 
such and such a kind of rays, or of exciting such and such an order 
of ethereal vibrations, in virtue of certain supposed arrangements of 
the molécules, are more difficult to conçoive than the fact itself, and 
are, in truth, as absurd as the explanations that Molière puts into 
the mouth of bis metaphysical doctors. It is lamentable that we 
should bave such comments to make in thèse days. Nobody now 
tries to explain the spécifie gravity proper to any substance or 
structure : and why should we attempt it with regard to spécifie 
colour, which is quite as primitive an attribute ? — In physiology, 
the considération of colours is of high importance, in connection 
with the theory of vision ; and in natural history, it may prove a 
useful means of classification : but, in optics, the object of the true 
theory of colours is merely to perfect the analysis of light, so as to 
estimate the influence of structure or other circumstance upoa 
transmitted or reflected colour, without entering into the causes of 
spécifie colouring. The field of inquiry is vast enough, without any 
such illusory research as this. 

SECTION L 

STUOT OF DIRECT LIQHT. 

The first department is that of Optics, properly so called, or the 

study of direct light. This and catoptrics are the 

p tes proper. Q^iy p^^ |; Qf i\^q science cultivated by the ancients; 

but this brançh is as old as the knowledge of the law of the 
rectilinear propagation of light in every homogeneous médium. 
This primary law makes purely geometrical questions of problems 
relating to the theory of shadows ; questions difficult to manage in 
many cases, but not in the most important, — those of very distant 
luminous bodies, or bodies of extremely small dimensions. The 
theory dépends, both for the shadow and the penumbra> on the 
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détermination of an extensible surface, circumscribed at once by 
the luminous and the ilhiininated body. — Whatever its real antiquity 
may be, this first part of Optics is still very imperfect, regarded from 
the second point of view ; that is, with regard to the j . 
laws of the intensîty of h'ght, or what is called ^^^ ^ ^^' 
photometry. Important as it is to hâve a clear knowledge, our 
notions are as yet either vague or precarious as to how the inten- 
sity of light is modified by such circumstances as its direction, 
whether émergent or incident ; its distance j its absorption by the 
médium ; and, finally, its colour. 

We are met by a grand difficulty at the outset. We hâve no 
photometrical instruments that can be depended on „, 
Tor enabimg us to verify our conjectures on the 
différent modes of gradation of light. AU our photometers rest on 
a sort of vicions circle, being devised in accordance with the laws 
which they are destined to verify, and generally according to the 
most doubtful of ail, in virtue of its metaphysical origin, — ^that 
which relates to distance. We hâve called light an émanation ; 
hâve calculated its intensîty by the square of its distance ; and then, 
without confirming this conjecture by any experiment whatever, 
we hâve proceeded to found the whole of photometry upon it. And 
when this conjecture was replaced by that of undulations, we accepted 
the same photometry, neglecting the considération that it must 
require revision from its very basis. It is clear what our présent 
photometry must be, after such treatment as this. ïhe law relating 
to direction, in the ratio of the sine of the angle of émergence or of 
incidence, is no better demonstrated than that of distance, though 
it cornes from a less suspicions source. It has nothing about it at 
présent like Fouriers labours on radiating beat; and yet it seems 
as if it would admit of an analogous mathematical élaboration. 
ïhe only part of photometry which has, as yet, any scientific 
consistency is the mathematical theory of graduai absorption of 
h'ght by any médium. Bouguer and Lambert bave given us some 
interesting knowledge about this : but even hère we are on unstable 
ground, for want of précise and unquestionable experiraents. 
Again, the photometrical influence of colour has been the subject of 
some exact observations ; but we are not yet in possession of gênerai 
and précise conclusions, unless it be the fixing of the maximum of 
brîghtness in the middle of the solar spectrum. Thus, to sum up, 
in this first, oldest, and simplest department of optics, philosophers 
bave scarcely outstripped popular observation, — leaving ont what 
l)elongs to geometry, and the measurement of the velocity of the 
propagation of light, which is furnished by astronomy. 
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SECTION II. 

CAT0PTRIC8. 

It Î8 otherwîse wîth regard to catoptrics, and yet more, dioptries, 
if we discard questions about the first causes of reflection and réfrac- 
tion. Scientific studies hâve largely extended and perfected universal 
îdeas about those two orders of gênerai phenomena ; and the varied 
effects belonging to them are now referred with great précision to 
a verj small number of uniform laws, of remarkable simplicity. 
The fundamental law of catoptrics, well known by the ancients, 
Great law of and abundantly confirmed by experiment, is that 
refiectum, whatever may be the form and nature of the reflect- 
ing body, and the colour and intensity of the light, the angle of 
reflection is always equal to the angle of incidence, and in the same 
normal plane. Under this law, the analysis of the effects pro- 
duced by ail kinds of mirrors is reduced to simple geometrical 
problems, which might, it is true, involve some long and difficult 
calculations, according to the forms of some bodies, if it were not 
UHualIy sufficient to examine the simple forms of the plane, the 
sphère, and, at most, the circular cylinder. If we pretended to ab- 
solute précision in the analysis of images, we might encounter con- 
sidérable geometrical dijfficulties : but this is not necessary. This 
analysis dépends, in gênerai, mathematically speaking, on the theory 
of cavstic curves, created by Tschirnhausen. But even in the 
application of this theory, some conjectures are hazarded ; and the 
want of direct and exact experiments, and the uncertainty which 
attends almost ail the parts of the theory of vision, pi'event our 
depending too securely on the reality of the remote results of any 
gênerai principle that we can yet employ. 

Every luminous reflection upon any body whatever is accompanied 
Lawofàbaorp^ by an absorption of more or less, but always of a 
tion notfound. great part of the incident light ; and this gives rise to 
a second interesting question in catoptrics. But our knowledge about 
it amounts to very little, from our backwardness in photometry ; so 
that we hâve not yet laid hold of any law. We do not know 
whether the loss is the same in ail cases of incidence : nor whether 
it is connected with the degree of brightness : nor what is the 
influence of colour upon it: nor whether its variations in différent 
reflecting bodies are in harmony with other spécifie, and especially 
optical characters. Thèse questions are not only untouched : they 
bave never been proposed. AU that we know is simply that the 
absorption of light appears to be always greater (but to what degree 
we are ignorant) by reflection than by transmission. From this has 
resulted, in récent times, the use of lenticular beacons, introduced 
by Fresnel. 
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A more advanced kind of inqiiiry belongs to the study of trans- 
parent substances ; but hère, again, thelaws are ill understood. In 
thèse bodies, reflection accompanies refraction, and we hâve the 
opportunity of inquiring by what laws, gênerai or spécial, the 
division between transmitted and reflected light takes place. We 
only know that the last is more abundant in proportion as the inci- 
dence is more obliqué ; and that reflection begins to become total 
from a certain inclination proper to each substance, and measured 
exactly with regard to several bodies* The inclination appears 
to be less in proportion as the substance is more refracting : but 
the supposed law of the case is connected with chance conjectures 
upon the nature of light, and requires to be substantiated by direct 
experiment. 

SECTION III. 

DIOPTRICS. 

Of ail the departments of Optîcs, dioptries is at présent the 
rîcliest in certain and exact knowledge, reduced to a few simple laws, 
embracing a large variety of pheaomena. The fundamental law of 
refraction was wholly unknown to the ancients, and cfreat law of 
was dîscovered at the same time, under two distinct refrœtion, 
.«ind équivalent forms, by Snellius and Descartes. It consists of thô 
constant proportion of the sines of the angles that the refracted ray 
and the incident ray, always contained in the same normal plane, 
form with the pei-pendicular to the refracting surface, in whatever 
direction the refraction may be. The fixed relation of thèse two 
sines, when the light passes from a vacuum into any médium what- 
ever, constitiites the most important optical coefficient of every 
natural body, and holds a real rank in the aggregate of its physical 
characteristics. The philosophers bave laboured at its déter- 
mination with mueh care and success, by ingénions and exact pro- 
cesses : they hâve prepared very extensive tables, which may rival, 
as to précision, our tables of spécifie gravity — the uncertainty not 
exceeding a huudredth part of the numerical value of the refracting 
power. If the light passes from one médium to another, the relation 
of the refraction dépends on the nature of both : but in every case, 
the inverse passage gives it always a precisely reciprocal value; 
as experiment has constantly shown. Again, while a body under- 
goes no chemical change, and becomes only more or less dense, the 
i-elation of refraction yrhich belongs to it varies in proportion to the 
spécifie gravity ; as may be easily shown, especially with regard to 
liquids, and y et more to gases, in which we can so extensively 
modify density by température and pressure. ïhis is why philos- 
ophers hâve adopted, in préférence to the proper relation of refrae- 
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tîon, îts quotient by the densîty, whîch they hâve named refractîng 
power ; in order to obtain more fixed and spécifie characters in tho 
dioptrie comparison of diflFerent substances. There is substantial 
ground for this distinction, though its origîn was suspicions. But 
it must be observed that the refracting power varies when the sub- 
stance does not undergo any chemical change, but passes, as we 
hâve seen in the case of water, through différent states of aggregation. 
Thèse variations in the refracting power hâve given occasion to 
conflicts between the advocates of the two hypothetîcal Systems, — 
each of which reqnires an invariability in the refracting power 
which we do not tnow to exist : and the dijfficulty of separating 
what is really established from what they require is one of the mis- 
chievous conséquences of anti-scientific hypothèses, and one which 
may well render the actual character of the science itself doubtful 
to impartial minds. 

Newton's discoveries of the unequal refrangibility of the différent 
elementary colours form an indispensable comple- 
fc^^'on''' ^^"t ^f ^*^« law of refraction. ^ Frop the fact of the 
elementary decomposition of light in a prism, it clearly follows 
colours. ^ijg^i- ^^Q relation of the sine of incidence, though con- 

stant for each colour, varies in the différent portions of the solar 
spectrum. The total increase which it undergoes from the red rays 
to the violet measures the diversion proper to each substance, and 
must complète the détermination of its refracting power in the 
common tables, where only the mean refraction can be inserted. 
This estimate constitutes, from its minuteness, one of the most 
délicate opérations of optics, and does not admit of so much exact- 
ness as that of the refracting action properly so called, especially in 
bodîes which bend the light but little, as the gases ; but it is ascer- 
tained for a considérable number of substances, solid or liquid. In 
comparing the changes of the dispersive power as we pass from 
one body to another, we discover that the variations are not, as 
Newton supposed, in proportion to the refracting power : and indeed 
we fiud, in more than one case, that the light is least dispersed 
by substances whîch refract it most. The discovery of this discre- 
pancy between two qualities which appear to be analogous was 
made by Dollond, about the middle of the last century. It is an 
idea of high importance in Optics, as it indicates the possibility of 
achromatism by the compensation of the opposite action pertaining 
to two différent substances which, without that, could not cease to 
disperse the light but by ceasing to bend it. 

The laws of refraction show us that th^re can be none but 
purely geometrical difficulties in the analysis of the effects of 
homogeneous média upon the light which traverses them. The 
great complication which might arise from the form of the refract- 
ing body is diminished in ordinary cases by our satisfying ourselves 
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wîlh plane, spherîcal, or cj^lîndrical surfaces : but we should yet 
find the inquiry embarrassing, and especîally in regard to the dis- 
persion, if we did not confine it to an approximate estimate of the 
few commonest circumstances. 
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DIFFRACTION. 

The modification called diffraction has now become one of the 
essentîal parts of Optics. It was entered upon by Grimaldi and 
Newton, advanced by the researches of Dr Young, and completed 
by those of Fresnel. It consists of the déviation, always accom- 
panîed by a more or less marked dispersion, that light undergoes, in 
passing close by the edges of any body or opening. Its simplest 
way of manifesting itself is by the unequal and variously-coloured 
fringes, some exterior and some interior, which surround the 
shadows produced in a darkened room. The famous gênerai 
principle of interférences, discovered by Dr Young, îs the most 
important idea connected with this theory. It was not appreciated, 
remarkable as it is, till Fresnel made use of it to explain several 
interesting phenomena, difficult to analyse ; and, among others, the 
celebrated phenomenon of the coloured rings, which were by no 
nieans fully accounted for by Newton^s admirable efforts. The law 
of interférences is this : that when two lumînous cônes emanate 
iVom the same point, and follow, for any reason, two distinct 
courses, but little inclined towards each other, the intensities 
proper to the two lights neutralize and augment each other alter- 
nately, increasing by equal and minute degrees, the value of which 
is determined, the différence in length between the entire paths 
traversed by the two cônes. It is a pity that this important prin- 
ciple should hâve suffered, like the rest, from being implicated with 
chimerical conceptions on the nature of light. 

We hâve done ail that the nature of this Work admits, în regard 
to Optics ; and we must pass over the subjects of the double re- 
fraction proper to varions crystals, the gênerai law of which was 
discovered by Huyghens. We must also omit the phenomena of 
polarization, disclosed by Malus. In what I hâve brought forward, 
I hope that, whîle I hâve pointed ont the gaps in this science, of 
which we are too little conscious at présent, I hâve also placed in 
a clear light the great and numerous results obtained during the 
last two centuries, notwithstanding the disastrous prépondérance of 
vain hypothèses about the nature of light over the spirit of ratîonal 
expérimentation. 
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CHAPTER VI. 

ELECTROLOGY. 

This last brandi of Physics, relating as it does to the most corn- 

plex and least manifest phenomena, could not be 
** ^^' developed till after the rest. The electrical machine 
îndeed îs as old as the aîr-pump; but it was not till a century later 
that the stiidy assumed a scîentific character, through the distinc- 
tion of the two electricities, Muschenbroeks experiments with 
the Leyden jar, and then through Franklin*s great meteorologi- 
cal discovery, which was the first manifestation of the influence 
of electricity in the gênerai System of nature. XJp to that time, the 
isolated observations of philosophers had only suggested the character 
of generality inhérent in this part of Physics, as in ail others, by 
continually adding to the number of substances susceptible of 
electrical phenomena: and it was not till the end of the last century 
that this department of Physics presented anything like the rational 
character which belongs to the others. It is owing to the labours 
of Coulomb that it takes its place, and still an inferior place, with 
the rest. 

No other science offers so great a variety of curions and impor- 

G dUAo ^^^^ phenomena ; but facts do not constitute science, 

though they are its foundation and material. Science 

consîsts in the systematizîng of facts under established gênerai 

laws : and, regarded in this way, Electrology is the least advanced 

of ail the branches of Physics, imperfect as they ail are. In the 

absence of ascertained laws, arbitrary hypothesîs bas run riot. The 

Arhitrary simple Confidence with which students bave explained 

hypothèses, ail phenomena by endowing imaginary fluids with 

new properties for every fresh occurrence, reminds us of the old 

metaphysical explanations, — the ancient entities being merely re- 

t)laced by supposed fluids. But the delusion is less mîschievous 
lere than in Optîcs, where the arbitj'ary conjectures are closely con- 
nected with real laws, and share their imposing character. In 
electrology the hypothèses, standing alone, exhibit their barrenness ; 
and everybody can see that they hâve borne no share in the great 
discoveries of the last half-century, though the discoveries, once 
made, bave been afterwards attached to the hypothèses. Most 
people regard them now as a sort of mnemonîc apparatus, useful 
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for Connecting facts in the memoiy, though origînally desîgned for 
a very diflferent purpose. They are a bad apparatus for even this 
object, which would be rauch better answered by a System of 
scientifîc formulas especially adapted to that use. And, though less 
mischîevous than in Optics, hypothèses of this order do harm in 
electrology, as everywhere else, by concealing from most minds the 
real needs of the science. Itshould be remembered, moreover, that 
anti-scientific action like this extends its influence over the succeed- 
ing and more complex sciences, which, on account of their greater 
difficulty, require the severest method, the type of which will 
naturally be looked for in the antécédent sciences. It is a serions 
injury to transmit to them a radically vicions model. While 
physicists ai^ using thèse hypothèses as havîng avowedly no intrinsic 
reality, their very use leads students of the successive sciences, and 
especially physiologîsts, to consider them the very sublimity of 
physics, and to proceed to take them for the basis of their own 
labours. We see how the notion of magnetic and electric fluids 
tends to confirm that of a nervous fluid, and to encourage wild 
dreams about the nature of what is called animal magnetism, in 
which even emînent physicists hâve shared. Such conséquences 
show how a study which is najturally favourable to the positive 
development of human intelligence may, by vicions methods of 
philosophizîng, become fatal to our understandings. 

From the complex nature of the phenomena, there can be but 
little application of mathematics in electrology. It Reiati(mto 
has as yet borne only a small share in the progress of Mathematics, 
the science : but it is as well to point ont the two ways, — the one 
illusory, the othei* real, — in which the application of mathematics 
has been attempted. 

Those who bave occupied themselves with imagînary fluids as the 
causes of electrical and magnetic phenomena, hâve umound 
transferred the gênerai laws of rational mechanics to application. 
the mutual action of their molécules ; thus making the body under 
notice a mère suhstratum, necessary for the manifestation of the 
phenomenon, but unconcerned in its production ; with which oflGLce 
ihe fluid is charged. It is clear that mathematîcal labours so base- 
less can serve no other purpose than that of analytical exercise, 
without adding a particle to our knowledge. In the Sound appU- 
other case,— of a sound application, — the mathema- cation, 
tical process has been based on some gênerai and elementary laws, 
established by experiment, according to which the study of pheno- 
mena proper to the bodies themselves has been pursued, — ^all 
chimerîcal hypothèses being discarded. This is the character of 
the able researches of M. Ampère and his successors, on the 
mathematical investigation of electro-magnetic phenomena, in which 
the laws of abstract dynamics bave been efficaciously applied to cer- 
tain cases of mutual action betvveen electric conductors or magnets. 
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In examînîng tlie principal parts of electrology, we must exdude 
ail that belongs to the chemical or physiological influence of 
electricity, and ail connection of electricity witli concrète physics ; 
and especially with meteorology. 

ïhus limited to the physical and abstract, electrology at présent 
. . comprehends three orders of researches. The first 

relates to the production, manifestation, and measure- 
raent of electrical phenomena : the second, to the comparîson of the 
electric state proper to the différent parts of the same mass, or to 
différent contîguous bodies : the third, to the laws of the motions 
which resuit from electrization : we may add, as a fourth head, the 
application of the results under the other three to the spécial study 
of magnetic phenomena, which can never henceforth be separated 
from them. 



SECTION I. 

ELECTRIC PRODUCTION. 

The sum of our observations leads us to regard the electric 

condition of bodies as being, more or less evidently, an invariable 

conséquence of almost ail the modifications they can undergo : but 

Causes of eiec- the chief causes of electrization offer themselves, in 

trkation. tlio order of their power and scientific importance, 

thus : chemical compositions and décompositions : variations of 

température : friction : pressure : and, final ly, simple contact 

This distribution differs widely from that first indicated by inquiry, 

—friction being long supposed the only, and then the most powerful 

means of producing the electric condition. The comparison of 

means is very far from being exhausted ; but we may be assured 

that the order specified above will never be radically changed. 

There is no doubt that chemical actions are the most gênerai 

Chemical sources of olcctricity, as well as the most abundant ; 

actum. ag they are with regard to Heat. In the most 

powerful electrical apparatus, and especially in the Voltaic pile, the 

chemical action, which at first passed unnoticed, is now recognized, 

thanks to the labours of Wollaston and others, as the principal 

source of electrization, which becomes indeed almost insensible 

when care is taken to exclude chemical action. — After this, the 

ThermoUgi' next most powerful cause is thermological action, 

cal action, though, till recently, it was recognized only in the 

single case of heated tourmalin. We now know that raarked 

différences of température between consécutive bars of différent 

kinds, whether homogeneous or otherwise in the particular case, 

sufiSce to induce a marked electrical condition, the more intense as 

the éléments are more numerous, — the thermometrical conditions 

remaining the same. — Thèse two causes are so powerful, and so 
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(lifficult to exclude, that the estîmate of the otliers becomes a veiy 
délicate matter. It is difficult to détermine how much influence 
to ascribe to any cause after thèse two, while yet they are almost 
unavoidably présent. Thus, even about friction, 
which used to be regarded as so powerful a cause, it 
is now doubtful whether the friction itself has any influence, and 
whether the electrization is not due to the thermometrical, and 
even the chemical effects which always accompany friction, but 
which used to be altogether overlooked in this instance. 

The case is nearly the same with Pressure, the electric influence 
of which, however, is, if less marked, more unquestion- 
able, from our being able to isolate it more. But the 
remark is above ail applicable to the production of the electric state 
by the simple contact of heterogeneous bodies. It was by this con- 
tact that Vol ta brought out the power of his won- 
derful instrument, while it is well known now that 
chemical action bears a chief part in it, and that contact contri- 
butes to it in only a secondary manner, if even it be not altogether 
doubtful. 

Besides thèse leading causes of electrization, there are many less 
important, — as changes in the mode of aggregation, 
the fusion of solids, and the evaporation of liquids. 
Even simple motion snffices, under spécial conditions, to induce an 
electric state, as M. Arago has shown in the experiment of the 
influence of the rotation of a metallic dise upon a magnetized needle, 
near but not contiguous. Our philosophers, however, must beware 
of passîng into the other extrême from that with which they justly 
reproach their predecessors. It is, no doubt, prejudicial to electro- 
logy to neglect ail sources of electrization but the most conspicuous: 
but it may be not less so to carry analysis too far, and see causes of 
electrization in ail sorts of minute phenomena.* 

A spécial instrument, or class of instruments, naturally corre- 
sponds to each of the gênerai modes of electrization, , , 
in order to realize the most favourable conditions for 
the production and support of the electric state. However important 
thèse may be, it is clear that we cannot hère enter upon the con- 
sidération of them. But we must not pass over the instruments 
invented for the manifestation and measurement of the electric con- 
dition, — the electroscope and the electrometer. ïhe most eminent 
philosophers bave always attached the highest importance to the 
perfecting of thèse instruments, in the invention of which real genius 
has often been exhibited. Their {)erfection is of more conséquence 
ihan that of electric producers ; because very weak electric powers 
often answer best in délicate experiments, from their simplicity ; 

* lu this paragraph, M. Comte alludes to the now most fertile, but when he wrote, 
the comparatively uuknown subject of the development of Electricity by Induction. 
-J. P. N. 
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whîle the ntmost îngenuîty îs requîred în iDstitutio<; means of manî- 
festing and tneasuring the minutest electric eflFects. — Though the 
electric condition cannot be measured without being first manifested, 
and the manifestation leads to some sort of estimate, there is a real 
distinction between electroscopea and electrometers. Among simple 
electroscopes, the most remarkable for use in veiy délicate researches, 
is that kind called condensera^ whîch render feeble electrical effects 
sensible through their graduai accumulation : and ail thèse instru- 
ments are so arranged as to show, by the method of expérimentation 
itself, the positive or négative character of the electricity under 
notice. — Coulomb's electrical balance is certainly the most perfect 
of electrometers. It was by its means that he discovered, and that 
we every day demonstrate, the fundamental law of the variation of 
electric action, répulsive or attractive, inversely to the square of the 
distance ; a law which could not be unquestionably obtained by any 
other means. As we hâve advanced in the science of electio-mag- 
netism, a new class of electrometera has been introduced, for purposes 
of measurement, for which Coulomb's balance would not answer. 
Thèse are the class of multipliera. Valuable and délicate as tliey 
are, they hâve not yet been applied, with so much certainty as tlie 
balance, to exact measurements, from the diflSculty of proportioning 
the graduation to the intensity of the observed phenomenon. 

SECTION II. 

ELECTRICAL STATICS. 

The second part of electrology inchides what îs împroperly called 
electrical atatica ; a term imputable to îllusory hypothèses about 
the nature of electricity : yet it is not a wholly absurd title, as it 
relates, in fact, to the distribution of electricity in a mass, or io a 
System of bodies, the electric state of which is regarded as invari- 
able. We may therefore continue to use this abridged term, if we 
carefully keep clear of ail mechanical notions of the equîlibrium of 
any supposed electric fiuid, and attach to it a sensé analogous to 
that of Fourier, when he spoke of an equîlibrium of beat, and of 
economists when they speak of an equîlibrium of population. 

Considering first the case of an isolated l>ody, Coulomb has estab- 
Oreat law of lished a fundamcutal law which is (metaphorically 
distribution, exprcssod) the constant tendency of electricity to the 
surface, or, în rational language, that nfter an inappréciable instant 
of time electrizatîon îs always limited to the surface, however it may 
hâve been in the first place produced. As for the distribution of 
the electric state among the différent parts of the surface, it dépends 
on the form of bodies, being uniform for the sphère alone, unequal 
•for ail other forms, but always subject to regular laws. The ana- 
lysîs of thèse may be supposed to présent insurmoun table diffi- 
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culties ; nevertheless, Coulomb bas establislied a gx^neral fect of 
great importance, by comparîng tbe electric states proper to the 
extremîties of an ellipsoid gradually elongated : he bas perceived 
that tbeîr electrization increases rapidly as tbe figure is elongated, 
diminisbing in tbe rest of tbe body ; wbence be deduced an expia- 
nation of that remarkable power of points, disclosed by Franklin* 

The laws of electric equilibiium between several contiguous 
bodies afford a yet more difficult and extensive in- Electric 
quiry. Coulomb studied them only in tbe limited equiUbHum, 
and insuffîcient single case of spherioal masses. However, we learn 
from bis labours that the nature of substances exercises no influence 
over the electric distribution establislied among them, the mode 
depending merely on their form and tbeir magnitude ; only, the 
electric state assumed by eacb surface îs more or less persistent, and 
manifests itself with more or less rapidity, according to tbe degree 
of conductibility in tbe body. Coulomb analysed completely the 
mutual action of two equal sphères; discovering tbat the electric 
condition is always nuU at tbe point of contact, scarcely sensible at 
20 degrees from that point, fast increasing from 60 to 90 degrees, 
and then more slowly increasing up to 180 degrees, whicb is its 
maximum. If tbe globes are unequal, tbe smallest is tbe most 
strongly affected : and it makes no différence wbether they are 
electrized togetber, or the one before the other. ïbe question 
becomes more complex wben more than two bodies are concerned. 
Coulomb examined only a séries of globes ranged in a straight Hue ; 
but if they bad been so placed as that eacb sbould touch tbree or 
four others, tbe mode of electric distribution would irievitably bave 
undergone gi*eat changes. ïbe subject must be regarded as merely 
initiated by tbis great philosopher ; and no one bas added anythîng 
to it since bis time. It ofiers to electricians a subject of almost 
inexbaustible researcb.f 

SECTION III. 

ELECTRICAL DYNAMICS. 

The tbird part of electrology is very properly called Electrical 
Dynamics, because it relates to the motions which Ampère'sex- 
resuit from electrization. Kecent as îs its origin, it periments. 
is superior to the others in its scientîfic condition, througb the 
labours of M. Ampère; always supposing conjectures about the 
nature qf electric phenomena to be discarded. M. Ampère bas 
referred tbe analysis of the effects observed in tbis branch of elec- 
trology to one great and gênerai phenomenon, the laws of wbicb he 
bas fuUy ascertained ; tbe direct and mutual action of two threads, 

* Mujch has since been added to this dass of investigations. — J. P. N. 

t Thèse spécifie facts are uow comprehended within gênerai laws. — J. P. N". ' 
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cliarged wîth electricity by Voltaîc piles, liabitiially reduced to tlieîr 
greatest simplification ; that is, almost always composed of a single 
élément. 

M.. Ampère so arranged hîs experîment as to guard the conduct- 
ing threads from the perturbing influence of the earth's electricity ; 
and thîs done, he could easily seize the elementary laws of the 
phenomenon under his notice. He found that when the two con- 
ductors are sufficiently mobile, they tend to place themselves in 
directions parallel to each other ; and that they then attract or repel 
each other, according to the conformity or contrariety of the two 
electric currents. In looking for the laws of the case, it is necessary, 
for the sake of generality and sîmplicity, to keep in view only 
infinitely small portions of the différent conductors. ïhese laws, 
mathematically considered, relate either to the influence of the 
direction, or to that of the distance. 

As to the direction, there are the two cases to be considered of 
the conducting éléments being in the same plane, or in différent 
planes. In the first case, the intensity of the action dépends only 
on the angle formed by each of the two éléments with the line whicli 
joins their mîddle points : it is null at the same time with this angle, 
and increases with it, attaining its maximum when it becomes right 
AH phenomena, direct or indirect, appear to be exactly represented 
if thîs intensity is made to vary in proportion to the sine of the 
inclination, according to the formula adopted by ail the euccessors 
of M. Ampère. In the other case, — of the conductors not being in 
the same plane, — the action dépends moreover on the mutual 
inclination of the planes indicated by each of them, and by the 
common line of their mîddle points ; and the resuit of this second 
relation is wholly différent. The perpendicularity of the two planes 
détermines the absence of ail action : there is attraction while the 
angle is acute, and it increases as the angle diminishes, its maximum 
taking place at the moment of coincidence ; when the angle is obtuse, 
the action becomes repellent, and increases as each plane approaches 
towards the prolongation of the other, a situation which produces 
the maximum of repulsion. The supposition which arises in this 
case is that the action is in proportion to the cosine of the angle of 
the two planes ; but we hâve not yet attained such certainty as in 
the former case. 

As for the influence of distance, M. Ampère supposed that, in 
analogy with Coulomb's law of common electric attraction and 
repulsion, the action of two conducting éléments is always recîprocal 
to the square of the distances of their middle points. But analogy 
is not sufficient to conclude upon ; and direct observation is out of 
the question when the parts taken are infinitely small, and the resuit 
sought must be affected by the foam and magnitude of the conduc- 
tors. However, it may be mathematically demonstrated that, in 
the hypothesis adopted by M. Ampère, the action of a rectilinear 
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condiictor, of an îndefinîte lengtli, upon a magnetized needle, must 
vary exactly in the inverse ratio of theîr shortest distance. This 
conséquence has been precisely veiified by experiment ; and it places 
beyond a doubt the reality of the proposed law. 

Under this law, electric action would seem to be, mathematically, 
in analogy with that of gravitation. But this case affords a lesson 
against incautîon in transferring to the study of thèse singular move- 
ments the ordinary procédure of abstract dynamics. Gravitation is 
independent of mutual direction, which is the determining influence 
in electrical dynamics : and thus the parallel fails. We see, further, 
how many more difficulties are in the way of the analysis of electric 
forces than in that of molecular gravitation. If this last is, frora 
its complexity, unmanageable except in the sîmplest cases, it is no 
wonder that electrical dynamics has not been mathematically studied 
further than in one dimension, and never at ail in surface. Eveu 
this much would be hardly effected but for a last fundamental idea, 
established by M. Ampère; that in an infini tely small extent, and 
as long as the distance is not sensibly changed, the electric action is 
identical for two conducting éléments issuing at the same extremities, 
whatever may be otherwise their différence of form. Such a pro- 
perty must introduce valuable analytical simplifications, tending 
to establish a remarkable analogy between electric and ordinary 
dynamic décompositions. 

Thèse are the grounds on which the study of the varions action 
of electrized threads proceeds. Among the many dispositions of 
thèse conductors, the most interesting case is that of the spiral form ; 
and especially when the turns are very close together. M. Ampère 
has shown the hîgh importance of this form, in order to imitate, as 
exactly as possible, the phenomena characteristic of magnetized, 
bodies.* 

We hâve now reviewed the philosophy of Physics, noticîng in 
tura the aspects presented by the study of the pro- Conclusion 
perties common to ail substances and ail structures. of Physics. 
ïhese are not so much branches of a single study as distinct sciences. 
Part of our business has been to carry on a philosophical opération, 
hardly necessary in astronomy, but becoming more and more so as 
we descend to the more complex sciences ; — that of disengaging 
veal science from the influence of the old metaphysical philosophy, 
under which it still suffers deplorably, and which manifests itself in 
Physics through illusory and arbitrary conceptions about the primi- 
tive agents of phenomena. I hâve been able only to indicate the 

* M. Comte concludes the section on Electricity by a sliglit référence to the dis- 
coveries of Oersted, Arago, and others, regarding its virtual identity with ail we term 
the magnetic forces. But as the whole of this most interesting and important part 
of Physics has taken a new form since the date of his work, it has not, for reasons 
assigned in the Préface, been thought necessary to reproduce his remarks in this 
place.— J. P. N. 
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mischîef, and where ît résides ; and I must leave tlie work of puri- 
fication to rational philosophers, whose attention will, we must hope, 
be more and more drawn to this vital question. It is with the same 
view that I hâve endeavoured to assign the true application of mathe- 
matical théories to the principal brandies of phjsies, pointing ont 
by the way the danger of the excessive systematization whicli is too 
otten sought by carrying the use of this powerful instrument further 
than the com plex nature of the corresponding phenomena would 
fairly allow. while givîng my chief attention throughout to the 
raethod, I hâve pointed out, in brief, the principal natural laws 
relating to each department of science, discovered by human effort 
during the two centuries which hâve elapsed since tlie birth of 
Physics, properly so called : and I hâve shown what gaps are dis- 
closed in the course of such a survey. 

Our next study will be of the last science which belongs to the 
class of gênerai knowledge, or that of inorganic nature. Ohemistry 
relates to the molecular and spécifie reactions which différent sub- 
stances exert upon each other. It is a more comple-^, and conse- 
quently more imperfect science than those which we hâve reviewed: 
but its gênerai character may be perfected, through the means 
afforded by its subordination to the anterior sciences» 
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CHAPTER L 

Wb hâve now to review the last of the sciences wliich relate to the 
inorffanic world. Chemistry has for its object the 
modifications that ail substances may undergo in their 
composition in virtue of their molecular reactions. Witbout thîs 
new order of phenomena, the most important opérations of terrestrial 
nature would be incompréhensible to us ; and there is no other clasiï 
of phenomena so întimate and so complex. Inert bodies can never 
appear so nearly like vital ones as when they produce in each other 
those rapid and profound perturbations which characterize chemical 
eflFects. We shall see hereafter that the spirit of ail theological and 
metaphysical philosophy consists in conceiving of ail phenomena as 
analogous to the only one which is known by immédiate conscious- 
ness, — Life: and we can easily understand that the primitive 
method of philosophizing must bave exerted a more powerful and 
obstinate dominion over chemical phenomena than any other, in the 
inorganic world. — ^We must consider, too, that direct and spon- 
taneous observation must bave been applîed in the first place only 
to very complicated phenomena, such as vegetable combustions, 
fermentations, etc., the analysis of which now requires ail the 
resources of our science : and that the most important chemical phe- 
nomena are produced only in artificial circumstances, which were 
long in being devised, and very difficult at fîrst to institute. Easy 
as it is now for even the most ordinary inquirers to use known 
substances for the disclosure of new relations, we can hardly imagine 
the difficulty there must bave been, in the infancy of chemistry, in 
creating suitable subjects for observation : and we cannot suppose 
that the ancient investigators of nature could bave had energy and 
persévérance to discover the principal phenomena of the science if 
they had not been constantly stimulated by the unbounded hopes 
arising from their chimerical notions of the constitution of matter. 
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The complex and doubtful nature of the phenomena, îa the first 
Great imper- place, and next, the diflGLculty of getting at them, are 
fection. quite enough to account for the tardy and incomplète 

posîtîvîty of chemical conceptions, in comparîson with ail others in 
the inorganic région of nature. If, as we liave seen, Physîcs is 
defective in several respects, mucli more must that science be so 
which, being at once more difficult and more récent, seeks the laws 
of composition and décomposition. Whichever way we look at it, 
whether speculatively, as to the value of its explanations, or actively, 
as to the prévisions which they admit of, this science îs evidently 
the least advanced of - ail the braoches of inorganic philosophy. 
Indeed, it is hardly possible to call chemîstry a science at ail whiïe 
it scarcely ever leads to that précise prévision which is the criterioii 
of perfection in spéculative knowledge. We can rarely tell what 
will be the resuit of the smallest and fewest modifications introduced 
among the best explored chemical opérations ; and while that is the 
case, however important and numerous may be the facts coUected, 
we are in possession of only érudition, and not science. To suppose 
otherwise is to mistake a qiiarry for an édifice. 

It is not to be hoped that chemistry can ever attain a state of 
rationality so satisfactory as that of the sciences which 
apaci 168. i-giate to phenomena of a more simple character ; and 
especially that of the eternal type of natural philosophy, — Astron- 
omy. But so much of its inferiority seems to be due to a vicioua 
philosophy, and to the defective éducation of philosophers, that I 
cannot but hope that a judicious philosophical analysis may con- 
tribute to a speedy perfecting of so important a science. This is 
the conviction that I désire to awaken by the rapid sketch which I 
propose to offer of chemical philosophy, regarded in ail its essential 
aspects. Little as can be done within the bounds of this section, it 
is possible that some one eminent inquirer may be impressed by the 
necessity of submitting to a new and more rational élaboration the 
lundamental conceptions which constitute the science. 

First, — what is the gênerai object of Chemistry? Vast and 
Ohject of complex as is its subject, the définition of Chemistry 
Chemistry. jg easier than that of Physics. We are already pre- 
pared for it, indeed, by having contrasted that of Physics with it. 
It is easy to characterize the phenomena of chemîstry, in a direct 
and marked manner ; for ail indicate an altération, greater or 
smaller, in the constitution of bodies: that is, a composition or 
décomposition, and generally both, taking înto the account the 
whple of the substances which participate in the action. Thus, at 
ail epochs of scîentific development, since chemistry first becamean 
object of spéculative study, chemical lesearches hâve steadily raani- 
fested a remarkable originality, which bas prevented their being 
confounded with other parts of natural philosophy; even while 
Physics itself was mixed up, as its title shows, with physiology ; 
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which was the case upi to a very récent tîme. — It îs by thîs gênerai 
clmracter of its phenomena that Chemîstry is distingiiished froui 
Physics which précèdes it, and Physîology which foUows ît ïbe 
three sciences may be considered as having for their object the 
molecular actîvity of matter, in ail the différent modes of which it 
is susceptible. Each corresponds to one of three successive degrees 
of activity, which are essentially and naturally distinguished from 
each other. The chemical action obviously présents something 
more than the physical action, and something less than the vital. 
The physical activity modifiesthe arrangement of particles in bodies ; 
and thèse modifications are usually slight and transient, and never 
al ter the substance. The chemical activity, on the contrary, besides 
thèse altérations in the structure and the state of aggregation, 
occasions a profound and durable change in the very composition of 
the particles : the bodies which occurred in the phenomenon are no 
longer recognizable, — ^so much bas the aggregate of their properties 
been disturbed. — Again, physiological phenomena show us the 
molecular activity in a much higher degree of energy ; for, as soon 
as the chemical combination is effected, the bodies become, once 
more, completely inert ; whilst the vital state is characterized, over 
and above ail physical and chemical effects, by a double continuons 
motion of composition and décomposition, adapted to maintain, 
within certain limits of variation and of time, the organîzation of 
the body by incessantly renewing its substance. This is the grada- 
tion, which no sound philosophy can ever confound, of the three 
modes of molecular activity. 

Two more characteristics of this science must be poînted out : one 
relating to its nature, and the other to its gênerai conditions. 

Chemistry would not be classed among the inorganic sciences 
unless its phenomena were gênerai ; that is, unless sptdjic char- 
every substance were susceptible of chemical action, acterofiu 
more or less. And it is because chemistry is thus ^^^^^ 
radically différent from physiology that it ranks as the last of the 
inorganic sciences, — physiological phenomena beîng, by their nature, 
peculiar to certain substances, organized in certain modes. Never- 
theless, it is incontestable that chemical phenomena présent, in every 
case, something spécifie, or, to use Bergmann's energetic expression, 
élective. Not only does each material élément produce chemical 
effects which are altogether peculiar to it, but it is the same with 
their inuumerable combinations of différent orders, among the most 
analogous of which certain fundamental différences are observable, 
even so as to be adopted as their chamcteristics. Wliile therefore ^: 

physical différences among différent bodies are those of degree only, 
chemical properties are spécifie. Physical properties afford the 
common foundation of material existence ; and it is by chemical 
properties that iudividuality is manifested. 

The other characteristic relates to the mode of chemical action. 

VOL. L Q 
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The immédiate contact of antagonistîc partîcles is absolately neces^ 
Condition ^U ^^ clicmical actioD ; and therefore one at least of 
of action. the substances concerned must be âuidor gaseous. 
When thîs condition does not already exist, it must be artificially 
procured by liquefying the substance. It is the earliest axiom in 
the science, that combination cannot take place, except under tliis 
condition ; and there is not an instance upon record of chemical 
action between two solids, unless at a température whîch obscures 
the true state of aggregation of substances ; and the action is never 
80 powerful as when both substances are liquid. ïhese facts estab- 
lish the eminently molecular character of chemical efiects, and 
especîally in comparison with physical effects. The distinction from 
physiologîcal effects is, though less marked, as real, the latter 
requiriug, as we shall see hereafter, the junction of solids wilh 
âuids. 

The définition of Chemistry, then, is that it relates to the laws of 
^ the phenomena of composition and decom|X)8ition, 

«>«• which resuit from the molecular and spécifie mutual 
action of différent substances, natural or artificial. 

It will be long, we must fear, before a more précise définition 
than this can be given. Meantime, however incomplète, the most 
lational that can as yet be offered is of importance as far as it goes. 
In this view, and Connecting, as usual, the considération of science 
with that of prévision, the aim proposed should be this: — the 
characterîstic properties of substances, simple or compound, being 
«^iven, and those properties being placed in a chemical relation in 
well-defined circumstances, to détermine in what their action will 
consist, and what will be the chief properties of the new products. 
This problem is, at ail events, determinate ; and nothing contained 
in it could be omitted without its ceasing to be so ; and the formula 
therefore contains nothing superfluous. On the other hand, if we 
could obtain such solutions as are indicated, the application of 
chemistry to the three great objects, vital phenomena, the natural 
history of the globe, and industrial opérations, would be rationally 
organized, instead of being, as now, the almost accidentai resuit oE 
the spontaneous development of science. Each question would at 
once be referredto our formula, the data of which would besupplied 
by the circumstances peculiar to the application. Far distant as 
we are from being able thus to conduct our inquiries, this is the 
end to be kept in view : and chemists ail agrée that the most 
advanced portions of their science are those few and simple questions 
in which this aim bas been more or less completely attained. 

By a continued application of this method, ail the data mast 
finally be reducible to the knowledge of the essential properties of 
simple substances, which would lead to that of the différent 
immédiate principles : and consequently, to the most complex and 
remote combinations. As for the study of the éléments, that must, 
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of course, be a inatter of direct, expérimental élaboration, divided 
iiito as many parts as there are undecomposed sub- 
stances. Whetlier or not it may be possible to 
discover, by rational methods, relations between the chemical 
properties of each élément and its aggregate physîcal properties, we 
uiiist lay down as indispensable a direct exploration of the chemical 
characters of each élément. This gênerai basis once obtained from 
experiment, ail other chemical problème must be susceptible of a 
rational solution, under a small number of invariable laws. 

Tlie classes of combinations naturally divide themselves into two, 
necording, first, to the sîmplicity, or the ffreater or ^ ^. ,. 
less degree m which the immédiate principles are 
compounded: and, secondly, the number of éléments combined. 
Chemical action is observed to become more difficult the more 
substances are compounded : the greater part of compound atoms 
belong to the first two orders ; and beyond the third their composi- 
tion seems alraost impossible : and, in the same way, in regard to 
the number of éléments, combinations lose their stebility in pro- 
portion as the éléments are multiplied : — there are usually only two ; 
and scarcely any body involves more than four. Thus, the number 
of chemical classes must always be very small in regard to the 
distinction under notice: and each of them must hâve acorrespond- 
ing law of combination, acoording to which the resuit mîght be 
certainly anticipated through a knowledge of the data. This would 
l)e the scientific perfection of chemistry. Our prodigious remote- 
ness from such a state is aseribable to the feebleness of our faculties, 
and, in an accessory way, to their vicions direction. We must 
remember that the great aim bas begun to be fulfiUed in one 
secondary department of chemical research, — ^the study of propw- 
tions, as we shall see bereafter. What bas been done in that one 
category makes us ask why an analogous perfection should not be 
attained in other departments. We mrfy sum up this account of 
the requisites, with the fully rational définition of Chemistry, that 
it bas for its object, — the properties of ail simple Eatîonai 
bodies being given, to find those of ail the compound d^nUion, 
bodies which may be formed from them. Every science falls short 
of its définition : but a real définition is the first évidence that a 
science lias attained some consistency: it then measures its own 
advancement from one epoch to another ; and it always keeps 
inquirers in a right direction, and supports them in a philosophie 
progress. 

Looking now at our means of investigation, we shall find that in 
chemistry the law holds good that the complication Means of in- 
of phenomena coincides with the extension of our veaigatùm. 
means of înquiry. 

Hère Observation begins to find its fuU devek)pment. Up to 
this time it bas been more or less partial. In astronomy, it 
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îs confined to the sensé of sîght : în physîcs we use hearîng and 

ohatrv Htm *^^^^ ^^ » *^°^ chemîstiy employs, besides thèse, 
taste and smell. How miich îs thus gained we may 
know by îmagînîng what would become of chemistry, if we were 
without taste and smell, whîch are often the only means by which 
we can recognize effects produced. The important thing to observe 
imder this head îs that there îs nothîng accidentai, nor even 
empirical, în such a correspondence ; for, as we shall hereafter see, 
the Sound physiological theory of sensations shows that the apparatiis 
of taste and smell, unlike that of the other sensés, opérâtes in a 
chemîcal manner, and thus shows thèse two sensés to be specially 
adapted for the perception of phenomena of composition and 
décomposition. 

As for Experiment, ît îs enough to say that the greater number 
^^ . of chemîcal phenomena, and especially the most 

xpenmen. instructive, are of artificial production. Still, we 
must remember that the essential character of expérimentation 
consîsts in the institution, or the choice of the circumstances of tlie 
phenomenon, în order to a more évident and décisive investigation. 
This process îs more diflScult in chemistry than in physics, because 
ît îs more diflScult to instîtute two parallel cases, undisturbed by 
the intrusion of îrrelevant influences ; and yet this is the fundamen- 
tal condition of expérimentation. On this account, I dissent from 
the ordinary supposition that the expérimental method is more 
appropriate to chemîcal than to physical researches. Though this 
is my view, and though the greater advancement of physics gives it 
the advantage over chemistry in the use of experimfent, I can hâve 
no doubt of the powerful influence of expérimentation in chemistry, 
independently of its havîng supplîed new subjects of observation. 
From the early days of the science, the immortal séries of Prîestley's 
experiments, and yet more, those of Lavoisier, hâve oflfered admir- 
able models, almost comparable to the most perfect researches in 
physics, and quite enough to prove that there is nothîng in the 
nature of chemical phenomena to prevent the extended and luminous 
employment of the expérimental method. 

îhe third means, Coniparison^ whîch we hâve before seen to be 
inapplicable in Astronomy, and of especial use in 
rbysiology, begms to hâve a real use in Chemistry. 
The essential condition of this valuable method îs that there shall 
be an extended séries of cases, analogous but distinct, in which a 
phenomenon shall be modifîed more and more, whether by successive 
simplifications or gradations. It is évident that this can take place 
fully only with regard to vital phenomena ; accordingly, it îs only 
by physiological analysis that a clear idea of its value can be 
obtained. But chemical phenomena approach those of physiology 
nearly enough, not only to demand this method, but to indicate that 
without it the science can never find the road to perfection, The 
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existence of natural familîes în chemistry îs now admitted by the best 
inquirers : but the classification reinains to be made. ïhe need of 
llie classification must lead to the use of the comparative method, 
bûth being based on the common considération of the uniformity 
of certain prépondérant phenomena in a long séries of différent bodies. 
There is even such a connection between the two orders of ideas 
that the construction of a natural chemical classification is impos- 
sible without a large application of the comparative art, as the 
physiologîsts ùnderstand it ; and conversely, comparative chemistry 
cannot be regularly cultivated without the guidance of some sketch 
of a natural classification. Chemistry is at présent only a nascent 
science ; gênerai methods are as yet scarcely recognized in connec- 
tion with it ; and only a very few researches afford an example of 
the comparative method ; but I am persuaded, not only of the 
fundamental suitability of that method in chemistry, but of its 
application, before very long, to the perfecting of the science. Sucli 
an anticipation, somewhat preceding the spontaneous development 
of any science, may be a contribution to its actual progress. 

Ail the means employed are subject, — especially, but not solely 
in chemistry, — to a vérification by the précise colla- chemical ana- 
tion of the two procédures of analysis and synthesù; lysu and syn- 
—or (as thèse terms hâve been corrupted by meta- *^^^** 
physical uses) composition and décomposition. — Every substance 
which bas been decomposed must evidently be capable of recom- 
position, whether the process be otherwise practicable or not. If 
the inverse opération reproduces precisely the primitive substance, 
the chemical démonstration is complète. Unfortunately, the vast 
extension of chemical resources in this century lias had a much 
stronger bearing on analytical powers than synthetical means ; so 
that there is at présent little proportion and harmony between the 
Iwo methods. — Such harmony is indispensable to the establishment 
of certainty in some cases, as we see when we duly distinguish two 
widely differing kinds of chemical analysis : the preliminary, 
consisting of the simple séparation of the immédiate principles ; 
and the final, leading to the détermination of the éléments^ properly 
so called. Though both are essential to chemical research, the 
first is of the most important and extensive use. ïhe elementary 
analysis might be spared a synthetical vérification, — because the 
composition of the reacting substances may be compared with the 
results obtained, thus indicating the composition of the proposed 
substance, the différent éléments of which will in this way bave been 
in some sort separated. ïhe impossibility of recombiuing the élé- 
ments, to reproduce the primitive body, ought not to throw any 
(loubt on the solution, unless there is some spécial reason for sus- 
pecting the.simplicity of any one of the éléments. Synthesis can, 
in this case, only add a valuable confirmation to what was before 
not doubtful. But the case is very différent when we bave to 
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détermine only the immédiate priDciples. As tlie éléments con- 
cerned can produce combiuations of diflferent orders, we can never 
be sure that one or more of the supposed immédiate principles 
obtained does not resnlt from the reactions caused by the analjsis 
itself. It is only synthesis which, by reconstructing tlie proposecl 
substance with the materials concerned, can décide the question 
conclusively, though in some cases of feeble agency in the reactives, 
and strong analogical induction, thei« is no room left for reasonable 
doubt. In immédiate analyses of great complexity, when the agree- 
raent of varions analytical means strongly corroborâtes the con- 
clusions obtained, we cannot rely on real chemîcal démonstration 
without the synthetical confirmation. Tins maxim of chemical 
philosophy is abundantly exemplified in the analysis of minera! 
waters, and yet more of organic substances. — It is noticeable that 
synthesis is easiest where it is most necessary, and would be most 
diffîcult in the case of elementary analysis, whei« it can, as we hâve 
seeUy be dispensed with. This is owing to the combinations becom- 
ing less tenacious as the order of composition of the constituent 
particles is higher; and if the décomposition is easy, so is the 
recomposition. The cases of immédiate analysis require only feeble 
antagonisms, offering no great obstacles to the synthetical opérations 
indispensable for their démonstration. 

jRankcfth€ We have next to consider the encyclopedical posî- 

9cUnce. tîon of Chcmistry, to justify the rank assigned to 

it in our scale. 

It is from no vain and arbitrary considération that Chemîstry is 
placed between Physics and Pliysiology in onr scale. By the impor- 
tant série» of electro-chemical phenomena Chemistry becomes» as it 
wei-e, a prolongation of Physics : and at its other extremîty, it lays 
the foundations of pliysiology by its research into organic combina- 
tions. Thèse relations are so real that it bas sometimes happened 
that chemists, untrained in the philosophy of science, bave béen 
uncertain whether a particular subject lay within their department, 
or ought to be referred either to physics or to physiology. 

The phenomena of Chemistry are more complex than those of 
Physics, and are certainly dépendent on them. Their degree of 
generality is inferîor, — chemical effects requiring a much more ex- 
tended concurrence of varied conditions. Physical propertîes belong 
not only to ail substances, but, with simple modifications, to ail the 
states of aggregation, and even of combination, of each of them : 
whereafi, it is only in a more or less determined and restricted con- 
dition that each body manifests its chemical properties. In a word, 
nature often shows us physical effects apart from the chemical, whîle 
there can be no chemical effects apart from certain physical pheno- 
mena. Thns Chemistry cannot be rationally studied without a pré- 
viens knowledge of physics. Besides, the most powerful chemical 
agents are derived from physics, which présents, in its différent 
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orders of plienomena, the first distÎQctîve characters of différent 
substnDces. It is impossible in our day to conceive of scientîfic 
cbemîstry without giving it tbe whole of physics for its basîs : and 
thus is its first relation in the scale establisbed. And, as physics 
is dépendent on astronomy and mathematics, so must its owu dé- 
pendent be. But it must be owned that, with regard to doctrine, 
the connection of Chemistry with the first two sciences is neither 
extensive nor very important. 

Every attempt to refer chemical questions to mathematical doc- 
trines must be considered, now and always, profoundly irrational, 
ns being contrary to the nature of the phenomena. In the case of 
])liysics, the mischief would be, as we bave seen, merely Edatûm to 
îroni the misuse of an instrument which, properly Mathematica. 
directed, may be of admirable efficacy : but if the employment 
of mathematical analysis should ever become so prépondérant iu 
chemistry (an aberration which is happily almost impossible) it 
would occasion vast and rapid rétrogradation, by substituting 
vague conceptions for positive ideas, and an easy algebraic ver- 
biage for a laborious investigation of facts. The direct subordina- 
tion of chemistry to astrononiy is also slight, but more -, ^ , 
markeu. It is almost insensible in regard to abstract 
chemistry, which alone is cultivated in our day. But, when the 
lime shall come for the development of concrète chemistry, — that 
is, the methodical application of chemical knowledge to the batural 
history of the globe, — ^astronomical considérations will no doubt 
enter in where now there seems no point of contact between the two 
sciences. Geology, immature as it is, hints to us such a future 
necessity, some vague instinct of which was probably in the minds 
of philosophers in the theological âge, when they were fancifully 
and yet obstinately bent on uniting astrology and alchemy. It is, 
in fact, impossible to conceive of the great intestinal opérations of 
the globe as radically iudependent of its planetary conditions. — 
Inconsiderable as are the relations of chemistry with mathematics 
and astronomy, in regard to doctrine, it is far otherwise with regard 
to method. It is easy to see how the perfection of chemistry mîght 
be secured and hastened by the training of the minds of chemists 
in the mathematical spirit and astronomical philosophy. Besides 
that mathematical study is the necessary foundation of ail positive 
science, it bas a spécial use in chemistry in disciplining the mind to 
a wise severity in the conduct of analysis : and daily observation 
shows the evil effects of its absence. Tet, it can never be said that 
chemists bave so much need of a inathematical éducation as phy- 
sicists, because they do not need it as an instrument in daily use, 
but as an intellectual i)reparation for the rational study of nature. 
As to astronomy, we bave seen that it constitutes the most perfect 
type of the study of nature ; and this at once establishes its relation 
of superiority to chemistry. The more complex the phenomena, the 
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more important is the influence of such a model ; and it îs on] j bj 
liaving always before their eyes such an exemplification of the true 
Kpirit of natural i)bilo8oph7, that chemists can rightly estimate tlie 
iiumity of the metapbysical explanations which vitiate their doc- 
trine, and can acquire an adéquate sensé of the true character, 
conditions, and destiny of chemical science. Under this point of 
view, astronomy is more nseful to chemists than even physics, ia 
))roportion to tlie super iority of its method. 

So much for the sciences which précède chemistry. As for those 
that follow, physiology dépends upon chemistry both 
ynou)ffy, ^^ ^ point of départ ure and as a principal means of 
investigation. . If we separate the phenomena of life, properly so 
called, from those of animality, it is clear that the first, in the double 
intestinal movement which characterizesthem, are essentially chem> 
ical. ïhe processes which resuit from organization bave pecuh'ar 
characteristics ; but apart from such modifications, they are neces- 
sarily subjected to the gênerai laws of chemical effects. Even in 
studying livingbodies under a simply statical point of view, chemis- 
try is of indispensable use in enabling us to distinguish with pré- 
cision the différent anatomical éléments of any organism. — We shall 
see hereafter that the new science of Social Physics is subordinated 

-T o . ; to cliemical science. In the first place, it dépends on 
ocwogy, j^ -^^ j^^ immédiate and manifest connection with 

])hy8iology: but, besides that, as social phenomena are the most 
complex and partîcular of ail, their laws must be subject to those 
of ail the preceding orders, each of which manifests, in social science, 
its own peculiar influence. In regard to Chemistry especîally, it is 
évident that among the conditions of man's social existence several 
chemical harmonies between man and external circumstances are 
involved. Even if individual existence could be sustained, society 
could not, if thèse harmonies were destroyed, or even only somewhat 
disturbed,— as by changes in the atmospherîc médium, or in tUe 
waters or the soil. 

The position of Chemistry among the sciences being thus deter- 

Degreeofpos' mined, the next inquiry is about the degree of scien- 

êibie perfection, tific perfection that its nature admits, in comparison 

with others. As for the method, if physics suffers from the intrusion 

of hypothèses, we may say that chemistry has been their absolute 

I)rey, through its more difficult and tardy development. The doctrine 

of affinities appears to me more ontological than that of fluids and 

iraaginary ethers. If the electric fluid and the luminous ether are, 

as I called them before, materialized entities, affinities are at bottom 

pure entities, as vague and indetermînate as tliose of the scholastic 

philosophy of the Middle Age. The pretended solutions that they 

Intrusion of yicld are of the usual character of metapbysical ex- 

hypotheses. planatious, — a mère reprod notion, in abstract terms, of 

the statement of the phenomenon. The advance of chemical know- 
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ledge wbicli must at last discrédit for ever such vain pliilosophy 
lias as yet only modified ît, so far as to disclose its radical futility. 
While affinities were regarded as absolute and invariable, there was 
at least something imposing in them ; but since facts bave corn- 
])elled the belief of their being variable according to a multitude of 
circumstances, their use bas only tended to prove, more and more, 
their utter inanity. Thus, for instance, it is known that at a certain 
température, iron décomposes water, or protoxide of hydrogen : and 
yet, it bas been since discovered that, under the influence of a hîgher 
température, hydrogen in its turn décomposes oxide of iron. What 
signifies, in this case, any order of affinity that we may ascribe to 
iron and hydrogen with oxygen ? If we make the order vary with 
the température, we bave a merely verbal, and therefore pretended 
explanation. Chemistry affords us now many such cases, apparently 
contradictory, independently of the long séries of décisive considéra- 
tions that bave made us reject absolute affinities, — the only ones, 
after ail, that bave any scientific consistency whatever. The old 
habit îs, however, so strong that even BerthoUet, in the very work 
in which he overthrows the old doctrine of invariable or élective 
affinities, proposes vague affinities under many modifications. The 
strange doctrine of predisposing affinity is to be found in the work, 
among others, of the most rational of récent chemists, the illustrions 
Berzelius. When, for instance, water is decomposed by iron through 
the action of sulphuric acid, so as to disengage the hydrogen, this 
remarkable phenomenon is commonly attributed to the affinity of 
the sulphuric acid for the oxide of iron which i^nds to become 
fonned. Now, can anything be imagined more metaphysical, or 
more radically incompréhensible, than the sympathetic action of 
one substance upon another which does not yet exist, and the for- 
mation of the last by virtue of this mysterious affection ? The 
strange fluids of physicists are rational and satisfactory in comparison 
with such notions. Thèse considérations justify the désire that 
chemists should hâve a sufficient training in mathematical, astro- 
nomical, and then in physical philosophy, which bave already put 
an end to such chimerical researches within their own domain, and 
would discard them speedily from the more complex parts of natural 
j)hilosophy. It is only by having witnessed the purification in the 
anterior sciences that chemists could realize it in their own: and 
there could not be complète positivity in chemistry if metaphysics 
lingered in astronomy or physics. This, again, justifies the place 
nssigned to chemistry among the sciences. The individual must 
i'ollow the gênerai course of his race in bis passage to the positive 
State. He must find that true science consists, everywhere, in exact 
relations, established among observed facts, allowing the déduction 
of the most extensive séries of secondary phenomena from the small- 
est possible number of original phenomena, putting aside ail vain 
inquiry into causes and essences. And this is the spirit which bas 
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to be made prépondérant în cliemistry, — ilissolving for ëver llie 
metaphysical doctrine of affinities. 

The inferiority of chemistry to physics, in regard to method and 
Actwd im- doctrine, explains its relative imperfection with regard 
perfection, ^0 actual Bcience. We hâve only to compare with 
the formula which told us what chemistry ought to be what it 
actually is, to see that it is at an immense distance — much further 
than physics — from its true scientific aîm. Chemical facts are at 
tliis day essentially incohérent, or, at best, feebly co-ordinated by a 
small number of partial and insufficient relations, instead of those 
certain, extended, and uniform laws of which physics is so justly 
proud. As for prévision, if it is imperfect in physics in comparisou 
with astronomy, it can hardly be said to exist in chemistry at ail : 
the issue of each chemical event being usually known only by 
specially Consulting the immédiate experiment, when, as it were, 
the event is aiready accomplished. 

Imperfect as chemistry is, in regard to method and doctrine, it is 
Comparative yet superior to physiology, and stîll more, to social 
imperfection, gcieuce, uot ouly bccause, from the comparative sim- 
plicity of its phenomena, the facts and investigations are clearer 
and more décisive, but because it has a few, though very fe.w, real 
théories, capable of affording complète prévisions ; a thing as yet 
impracticable, except in a gênerai manner, with living bodies. We 
sliall hâve occasion to notice the theory of proportions, the équivalent 
of which is not, in any sensé, to be looked for in physiology. We 
must reraember, while estimating the comparative imperfection of 
the sciences, that the importance to us of their perfection is in pro- 
portion to their simplicity ; our available means beiug always foiind 
to correspond with our reasonable wnnts. I hope, too, that this 
severe estimate of the actual state of each science will stiinulato 
rather than discourage the student ; for it is more gratifying to our 
human activity to conceive of the sciences as susceptible of vast, 
varied, and indefinîte progress, than to suppose them perfect, and 
therefore stationary, except in their secondary developments. 

This leads us to consider the function of Chemistry in the éduca- 
tion of the human mind. 

It may be said to train us in the great art of expérimentation: 

Relation to hu- not as being our exclusive teacher, for, as we hâve seen, 

man progress. physics is superior to it in this: and it is more tlie 

art of observing than of experimenting that Chemistry is chiefly 

distinguished for. But there is an important part of the positive 

method which chemistry seems destined to carry to the highest 

perfection. I do not mean the theory of classifications, of which 

AHofnomen- chemists kuow too little at présent; but the aii; of 

clôture. ratîonal nomenclatures, which is quite unconnected 

with classifications. Since the reform in chemical language, attempU 

hâve been inçessanlly made, to this hour, to form a systematic 
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nomenclature in anatomy, in patliology, and especîally in zoology : 
but thèse endeavours hâve not had, and never can hâve, any success 
to compare with that of the reformers of chemîcal language ; for 
the nature of the phenomena does not admit of it. It is not by 
accident that the chemical nomenclature is alone in ils perfection. 
The more complex phenomena are, and the more varied and lesg 
restricted the comparisons of objects, the more diffîcult it becomeB 
to snbject them to a System of dénominations, at once rational and 
ftbridged, so as to facilitate the habituai combination of ideas. If 
the organs and tissues of the living body differed only from one 
point of view ; if maladies were sufficiently defined by their seat ; 
if, in zoology, gênera, or at least families could be established by a 
homogeneous considération, the corresponding sciences might at 
once admit of systematic nomenclatures as rational and as effîcacious 
as that of Chemistry. But the diversity of aspects, rarely reducible 
to one head, renders such an arrangement extremely diffîcult and 
not very advantageous. 

The case of chemistry is the only one in which, by its nature, the 
phenomena are simple, uniform, and determinate enough to allow 
of a rational nomenclature at once cleàr, rapid, and complète, so as 
to contribute to the gênerai progress of the science. The idea of 
composition, the great end of the science, is always prépondérant. 
Thus, the systematic name of each body, expressing its composition, 
indicates first a correct gênerai view, and then, the sum of its 
chemical history ; and, by the nature of the science, the more it ad- 
vances towards peifection, the more must this double property of the 
nomenclature be developed. In another view, dualism being the 
commonest constitution in chemistry, and the most essential, and 
that to which ail other modes of composition are more and more 
referred by science, we see that the conditions of the problem are as 
favourable as possible to a rapid and expressive nomenclature. 
Thus, there has always been some System of nomenclature, more or 
less rough, though none to be compared to that so happily founded 
by Guyton-Morveau. Though the art can manifest its excellence 
only in proportion to the advance of chemistry, it is in such har- 
mony with the nature of the science that, in its présent imperfect 
state, it upholds it, by provisionally supplying, as it were, the almost 
absolute deficiency of true rationality. Thus chemistry may be re- 
garded as specîally adapted to develop one of the few fundamental 
means, the aggregate of which constitutes the gênerai power of the 
human mind. The formation of a similar aid in the more com- 
plex sciences offers a real and strong interest: and I hâve only 
desired to show that we nmst resort to chemistry for the true 
princîples and gênerai spirit of tlie art of nomenclature, according 
to the rules so often set forth in this work, that each great logical 
artifice should be directly studied in the department of natural 
philosophy where it is found in the greatest perfection, that it may 
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be afterwards applied in aid of the sciences to which ît less specially 
belotigs. 

The hîgh philosophîcal properties of Chemistry are more strikîng 
stau of chemi- in regard to doctrine than to method. However im- 
eai doetnne. perfect our chemical science is, its development ha» 
operated largely in the émancipation of the human mind. Its oppo- 
sition to ail theological philosophy is marked by the two gênerai facts 
in which it bas a sharc with ail the rest of positive philosophy, — 
first, the prévision of phenomena, and next, our voluntary modifica- 
tion of them. We bave already seen that the more the complexity 
of phenomena baffles our prévision, the greater becomes our power 
of modifying them, through the variety of resources afForded by the 
complexity itself ; so that the anti-theological influence of science is 
infallible, în the one way or the other. In chemistry, our modify- 
ing power is so strong that the greater part of chemîcal phenomena 
owe their existence to human intervention, by which alone circum- 
stances could be suitably arranged for their production: and if the 
phenomena of physiology and social science admit of modification 
in a yet greater degree, chemistry will always, in this particular, 
hold the first rank, since the highest order of modifications is that 
which we hère find, — those which are most important for the 
amélioration of the condition of Man. In the System of the action 
of raan upon nature, chemistry must ever be regarded as the chief 
source of power, though ail the fundamental sciences participate in 
it more or less. 

In this way, chemistry effectually discrédits the notion of the rule 
of a providential will among its phenomena. But there is another 
way in which it acts no less strongly ; by abolishing the idea of 
destruction and création in nature. Before anvthing was known of 
gaseous materials and products, many striking appearances must 
inevitably bave iuspired the idea of the real annihilation or produc- 
tion of matter in the général System of nature. Thèse ideas could 
not yield to the true conception of décomposition and composition 
till we had decomposed air and water, and tlien analysed vegetable 
and animal substances, and then finished with the analysis of alka- 
lies and earths, thus exhibiting the fundamental principle of the 
indefinite perpetuity of matter. In vital phenomena, the chemical 
examination of not only the substances of living bodies, but their 
functions, — imperfect as it yet is, — ^must cast a strong liglit u{)on 
the economy of vital nature by showing that no organic matter 
radically heterogeneous to inorganic matter can exist, and that 
vital transformations are subject, like ail others, to the universal 
laws of chemical phenomena. Chemîcal analysis seems to bave 
fulfilled its function in this direction : henceforth it must be by the 
more difficult, but more luminous method of synthesis that this 
great philosophical révolution must be completed: and attempts 
enough bave been successfully made to prove the possibility of iC 
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The divisions of the science hâve notbeen clearly and permanently 
settled, partly because of its very récent origîn, and Divisions of 
partly on account of its nature. In the first place, *^ science. 
students hâve been more occupîed in multiplying observations than 
in olassifying them ; and in the next, the homogeneous character 
of chemical phenomena causes essential diflferences to be less pro- 
found, and therefore less marked, than in any other of the funda- 
mental sciences. In astronomy, there can be no question of a 
division into geometrical and mechanical phenomena. Physics is 
less a unique science than a group of almost isolated sciences ; and 
they indicate theîr own arrangement. We shall see hereafter that 
nearly the same thing happens, though from a différent cause, in 
physiology. But in chemistry, the conditions are less favourable, 
the distinctions being scarcely more marked than those which exist 
in a single department of physics, — as thermology, and yet more, 
electrology. The imperfection and small importance of its présent 
divisions are easily explained : and there are strong symptoms of 
an approaching discussion of this great subject ; for the majority 
of eminent chemists are more or less dissatisfied with the provisional 
division which they hâve been hitherto obliged to accept as guidance 
in their labours. 

The gênerai division of organic and inorganic chemistry cannot 
be sustained, on account of its évident irrationality. m organic 
What îs at présent called organic chemistry bas an chemUtry. 
essentially bastard character, half chemical, half physîological, and 
not, in fact, either the one or the other, as we shall bave occasion 
to see. The division cannot even be sustained under another form, 
as équivalent to the gênerai distinction between cases of dualîsm 
and of other composition. For if inorganic combinations are usually 
binary, there are some which are composed of three éléments and 
even of four ; while, conversely, we very often meet with a true 
dualism in bodies which are called organic. For a genuine division 
we must look to gênerai ideas relating to composition Principies of 
and décomposition ; and in thîs form, attending to composUion and 
the rule of following the graduai complication of <^composUion. 
phenomena: first, the growing plurality of constituent principies 
(médiate or immédiate), according as the combinations are binary, 
ternary, etc. ; and secondly, the higher or lower degree of composi- 
tion of the immédiate principies, each of which may (as in the case 
of a continuai dualism) be decomposable into two others, for a 
greater or smaller number of consécutive times. Though each of 
thèse two points of view is of high importance, the prépondérance 
of the one or the other must be agreed upon before the rational 
division of chemistry can be organized. Though this is not the 
place to discuss this new question of high chemical philosophy, it 
may be well to state that I regard it as solved ; and that the con- 
sidération of the degree of composition is, in my eyes, evidently 
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saperior to that of the nnmber of éléments, inasmuch as it affects 
more profonndly the aîm and spirit of chemîcal science^ as they 
hâve been characterized in thîs chapter. As for the rest, whatever 
the décision may be, we may remark that the two classifications 
differ from each other much less than we might at first be tempted 
to suppose ; for they necessarily concur, whether in the prelîminary 
or in the final case, and diverge only in the intermediate parts. 

We hâve now reviewed the nature and spirit of chemical science ; 
the means of investigation proper to it ; its true encyclopedical posi- 
tion ; the kind and degree of perfection of which it îs susceptible ; 
its philosophical properties in regard to method and to doctrine ; 
and, finally, the mode of division which would be suitable to it 
We mnst complète the survey of the science by a spécial and direct 
notice of the few essential doctrines which hâve been disclosed by 
the spontaneous development of chemical philosophy. It must be 
remenibered that the object of this work is not to présent a treatise 
on each science, or to enlarge upon it în proportion to its proper 
importance, or the mnltiplicity of its facts : but to ascertain its 
relative importance, as one head of positive philosophy. No one 
\vill expect that chemical philosophy, in its présent state, can be 
examined hère as fully or satisfactorily as, for instance, astronomical 
philosophy, the perfection of which admits of a methodical analysis, 
clear and complète, though summary, such as befits that immutable 
type of natural philosophy. 
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CHAPTER II. 

INOUGANIC CHEMISTRY. 

Whatever may be the principlea of division and classification pre- 
ferred in the gênerai System of cliemical studies, it is Modeofbegin- 
agreed by almost ail cliemists that the prelîminaiy »*«^ *^^ ^^^y- 
and fundamental study sliould be the successive and continuons 
history of ail the simple bodies. ïhe plan of M.* Chevreul is an 
exception to thîs, his method being to proceed at once from the study 
of each élément to ail the combinations, binary, ternary, etc., that 
it can form with those aheady examined ; confining himself, how- 
ever, to compounds of the first order. ïhis plan bas the advantage 
that simple bodies are more completely known from the beginning 
than by the usual method, which scatters through thô différent parts 
of the science the most imjJortant chemîcal properties of each of 
them. But, on the other hand, the history of any élément remains 
incomplète; a factitious inequality is established among chemical 
researches into différent elemeutary substances; and the didactic 
inconvenience which M. Chevreul proposed to escape seems to be 
unavoidable, under any method. On no plan can any chemîcal 
liistory be completed by a first study. The provisîonal information 
obtained by a first study must be foUowed by a révision which allows 
us to take into considération the whole séries of phenomena relative 
to eacU substanca The question is merely a didactic one, only of 
secondary importance in this work, though of great practical interest. 
On any scheme, it remains certain that the preliminary study of 
elementary substances is, by the nature of the science, the necessary 
foundation of chemical knowledge. 

On account of the considérable and always increasing number of 
substances regardéd as simple, some modem philosophers, possessed 
with the notion of the simplicity and economy of piwraiity of 
nature, bave concluded à priori that most substances ei-ementa. 
must be the varions compounds of a much smaller number of others. 
But, while endeavourîng to conceive of nature under the simplest 
aspect possible, we must do so under the teaching of her owri 
phenomena, not substituting for that instruction any thoughtless 
desires of our own. We bave no right to présume beforehand that 
the number of simple substances must be either very small or very 
large. Chemical research alone should settle this; and ail that we 
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are eaiitled to say is tliat our minds are disposed io prefer tlie 
smaller Diimber, even, îf it were possible, so far as there being but 
two. But Dot the less are we bound to suppose ail substances whicU 
bave never in any way been decomposed to be simple, thoagli we 
should not pronounce them to be for ever undecomposable. AU 
chemists now admit this ruie as the first axiom of sound cbemical 
philosophy. 

Aristotle first saw this rule, thougli he did not conceive of its 
rational grounds. His doctrine of the four éléments, popularly 
cried down in our time, should be judged of as the first attempt 
of the true philosophical spîrit to conceive of the composition of 
natural bodies, amidst the tlien existing deficiency of ail suitable 
means of research. To apprecîate it we must compare it with 
anterior notions. Now, up to that time, ail the schools, however 
they might diflfer about other things, agreed that there was only 
one elementar3' substance ; and their dispute was about the. choice 
of the principle. Aristotle, with his rational character of mind, put 
an end to ail those barren controversies by establishing the plurality 
of éléments. This immense progress must be considered the true 
origin of chemical science, which would be radically impossible ou 
the supposition of a single élément, excludîng ail idea of composi- 
tion and décomposition. Whatever appearances may be, there is 
no doubt that it must be much more difficult for the human mind 
to pass from the absolute idea of unîty of principle to the relative 
idea of plurality, than to rise gradually, by means of research, from 
the four éléments of Aristotle to the fifty-sîx simple bodies of our 
chemistry of this day. Our Naiurists, who are ail for simplicily 
and economy without caring much for reality, bave no right to ap- 
l)eal to the authority of Aristotle, who had so much révérence for 
reality as to infringe the notion of simplicity which he found pre- 
vailing. ïhey should go back further than Aristotle, — to Empe- 
docles or Heraclitus, and attain the utmost simplicity at once, by 
admitting only a single principle. 

Other philosophers, among whom was Cuvier, bave objected to 
the simplicity of most of the éléments now admitted by chemists, 
that some of them seem to be extremely abundant in nature, while 
others are scantily and partially distributed: whereas, it seems 
natural to présume that the différent éléments must be almost 
equally diffused throughout the globe, and that therefore chemical 
analysis will sooner or later prove the rare ones to be compound 
substances, requiring peculiar and rare infiuences for their formation. 
It would be enough to say that the presumption, though plausible, 
is nothîng more than a presumption : but it may be added that we 
know nothing of our planet beyond the upper strata ; and we caa 
form no prejudgment of the composition of the whole. It would be 
too much to say that there should be an equality of éléments on the 
surface, even the probabîlity being the other way ; for the heaviest 
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eléinéuts are the rarest at the surface, and tlie comiuonest are those 
which ^o to the composition of living bodies ; and the probability is 
stroDg that the prépondérance is reversed in the interior of the 
globe, to make up the mean density, which is oot to be found 
among the solids, liquids, and gases which are required for the 
existence of life. ïhus the objection seems to be converted by 
chemical analysis into a sort of confirmation. 

Since the time, — récent it is true, — of the décomposition of the 
éléments of Aristotle, there has not been a single instance of a sub- 
stance having passed from the class of simple to that of compound 
bodies, while the inverse case has been fréquent. Yet, no chemist 
disputes the possibility of a réduction of the éléments by a more 
thorough analysis ; for chemical simplicity, as ît is to us, is a purely 
négative quality, not admitting of those irréversible démonstrations 
proper to positive compositions and recompositions. The great 
gênerai example of substances called organic, the chemical theory of 
which is so complex, notwithstanding the small number of their 
éléments, might lead us to suppose that such a réduction would not 
be after ail so very great an advantage : but in this case, the diffi- 
culty seems to me to be referrible to the deficiency of duality. 
Notwithstanding this example, we cannot but think that chemistry 
would become more rational and more systematic, if the éléments 
were fewer, from the doser and more gênerai relation which must 
then subsist among the différent classes of phenomena. But the 
apparent perfection could be only barren and lUusory if we were to 
assume it by conjecture anticipating the real progress of chemical 
analysis. 

This profusion of éléments has naturally led to endeavours to 
classify them. The high importance of the question ciass^ficcaim 
lias become manifest through the deep persuasion of éléments, 
that the rational classification of simple bodies must détermine 
that of compound substances, and therefore that of the whole 
chemical System. The first principle to be laid down is that 
the hierarchy of elementary substances is not to be determined 
only by their proper essential characters, but by the less direct 
considération of the principal phenomena of the compounds which 
tliey form. Without this réquisition, the classification would 
bave little use or interest ; for it would be of small conséquence in 
what conventional order we studied fifty-six bodies ail independent 
of each other : whereas, with its proper condition, this question is 
as important as any that chemical philosophy can présent. 

The old division of the éléments into the comburent and. com- 
bustible (those which burn in the active and in the neuter sensé), 
and the subdivision of thèse into metallics and non-metallics/ave 
evîdently too artificial to be maintained, except provisionally. For 
many years, endeavours bave been made to supersede it ; but no 
irréversible classification has been yet obtained, M. Ampère seems 
to bave been the fii-st who pointed out the necessity ; and he pro- 
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posed a System in 1816; but ît was not one which induced tlie 
chemîsts to abandon their ancient distribution, the bînary structure 
of which made it easy of application, whatever mîght otherwise be 
its defects. A few years after, Berzelius offered, in a simple and 
almost incidental form and manner, a far superior System of classi- 
fication. He first understood the necessity of rising finally to a 
unique séries, constituting, by a uniform and prépondérant character, 
a true hierarchy ; whereas, M. Ampère saw only the importance of 
iiatural groups, which might be arbititirily co-ordinated. Both con- 
ditions are imposed by the gênerai theory of classifications; but 
that which Berzelius had chiefly in view is uuquesticnably superior to 
the other; and especially in the présent case, when the small number 
of objects to be classified renders the formation of gi-oups a mattcr 
of secondary importance, provided the séries be naturally ordained. 
M. Berzelius's conception is grounded on the considération of 
Classification clectro-chemical })henomena. Its simple and lucid 
o/Bendius. principle is that the éléments are to be so disposed as 
that each shall be electro-negative to those which précède it, and élec- 
tro-positive to those which follow it. The séries thus derived, appears, 
thus far, to be in conformity with the whole of the known propertips 
of both the éléments themselves and their principal compounds. It 
is too soon, however, to speak decîsively of this : and, on the other 
hand, the chemical prépondérance of electric characters is by no 
means so logically established as to compel us to seek the bases of 
a natural classification in that order of pheuomena. It must, it 
seems to me, be clearly proved, at the outset, that the point of 
departure is a real one, — ^that is, that a constant order of electriza- 
tion exists among the différent éléments, which is maintained under 
ail conditions of exterior circumstances, of aggregation and décom- 
position : but, not only bas this never been adequately undertaken, 
but there is some reason to apprehend that its resuit would be 
opposite to the proposed principle. Whatever may be the issue 
of future labours, Berzelius has secured the eternal honour of 
having first exhibited the true nature of the problem, and the 
aggregate of its principal conditions, and perhaps the order of ideas 
in which its solution is to be sought. Whenever this solution is 
obtained, chemistry will hâve made a gi'eat stride towards a truly 
rational state : for, under a hierarchy of the éléments, the system- 
atic nomenclature of compound substances will almost suffice to 
give a first indication of the gênerai issue proper to each chemical 
event ; or, at least, to restrict the uncertainty within narrow limite. 
Tet, through this very connection of such a research with the whole 
of chemical studios, I do not think it can be efficaciously pursued 
while we separate it, as has hitherto been doue, from the gênerai 
question about the establishment of a complète System of chemiad 
Prématuré classification for ail bodies, simple and compound. 
«#ort. Now, this great question seems to me at present pré- 

maturé. The preliminary conditions, both of method and of doe- 
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tiîne, are, as we liave seen. far from beîng completed. As sucli a 
gênerai system of classification must constitute both the summing 
îip and the fundamental vîew of the whole of chemical philosophy, 
I shall further expand my îdea about ît in this place. 

As for the method, ît requires perfectin«: in two ways, for whîch 
chemists must resort to physiology. They must B^quisiuwt- 
imderstand the fundamental theory of natural classi- paration as to 
fîcations, which can be obtaîned nowhere else : and ^^^^^ 
tliey must, for the same reason, study in the same school the gênerai 
spirit of the comparative method, of which chemists hâve verylittle 
idea, and without which they can never proceed properly in search 
of a rational classification. Thèse two improvements must be de- 
lîved from biological philosophy; the one to lay down the problem of 
chemical classification, and the other to undertake its solution. It 
will be by perceiving thèse harmonies and mutual applications 
among the sciences commonly treated as isolated and independent, 
that philosophers in ail departments will at length become aware 
of the reality and utility of the fundamental conception of this work ; 
the cultivation of the différent branches of natural philosophy under 
tlie impulsion and direction of a gênerai system of positive phil- 
osophy, as a common basis and uniform connection of ail scientific 
labours. We liave little idea what we lose by the narrow and 
irrational spirit in which the différent sciences are cultivated, and 
especially with regard to method. When the great scientific rehi- 
tions of the future shall be regularly organized, men will scarcely be 
able to imagine, otherwise than historically, that the study of nature 
could ever hâve been conceived and directed in any other way. 

As to the doctrine, we hâve seen that the desired classification 
cannot take place till we hâve settled the preponder- ^ , , , . 
ance of the one or the other considération, — the 
order of composition of the immédiate principles, or their degree of 
plurality. Now, such a problem lias not yet been rationally pro- 
posed. If we suppose it resolved, adopting the rule which I tliink 
almost incontestable, as I explained before, of treating the first 
point of view as necessarily superior to the second, we must still 
attend to two spécial conditions, before we can proceed to the 
rational construction of the system of chemical substances. 

By the first of thèse conditions, we must dismiss the irrational 
distinction of substances into organic and înorganîc. „.^ ,. . ^ 
We shall see hereafter that organic chemistry must 
soon dissolve, parting with some of its questions to chemistry 
proper, and others to physiology. When any combination is sus- 
ceptible of a chemical examination, it must be subjected to a fixed 
order of homogeneous considérations, whatever may bave been its 
origin and mode of concrète existence, with which chemistry lias 
nothing to do, unless as a source of information. As long as any 
classification must be adapted to the strange conception of a sor.t 
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of double cbemîstry, establîsbed upon a false dîvîsîon of substance», 
it must be precarious and artificial in îts détails, because it is viti- 
ated in princîple. The evil îs felt, as is «hown more and more by 
the teudency to refer organic combînations to the gênerai laws of 
inorganic combînations : but it would not be enough, as might be 
supposed, that a distinguished chemist should take the initiative, 
in a large and direct manner, to accomplish this important reform. 
Such a work demands a spécial and difficult opération, requiring a 
délicate combination of the chemical and physiological point of 
vîew, in order to make a true division of what should remain with 
chemistry, and what should return to physiology. 

The second condition is closely connected with the first. It 
Sec(ynÂ requires that ail combînations should, if possible, be 
condition. submittcd to the law of dualism, erected into a con- 
stant and necessary princîple of chemical philosophy. Great as 
would be such an improvement in the way of simplification of chemi- 
cal conceptions, it must, however, be admitted that it is not so 
indispensable to classification as the precedîng. Without the first 
condition, rational classification would be impossible : whereas, it 
mîght take place, with imperfection and difficulty, without the 
second. As îbr the prospects of the case, the tendency to improve- 
ment is as real and marked in the one case as the other ; as any 
one may observe for himself. 

It is of the more importance to set the considération of the order 
Methodof of Composition of immédiate principles above that 
anaiysis. of theîr degree of plurality, as before proposed, because 
the first is, by its nature, clear and incontestable, while the other 
Chmicai is always more or less obscure and dubious. The one 
dualism, jg^ j^ ^^q^^ \^q simple appréciation of an analytical 

or synthetical fact : the second bas always a certain hypothetical 
character, sihce we then pronounce upon the mode of agglomération 
of eleihentaiy particles ; whîch is a thing radically inaccessible to 
us. Thus, for example, a chemist may establish with certaînty that 
such or such a sait is a compound of the second order, and that 
certain acids and alkalies are, on the contrary, of the first order; 
for analysis and synthesis can demonstrate that each of the last 
bodies is composed of two elementary substances, and that, on the 
contrary, the immédiate principles of the sait are decomposableinto 
two éléments. But, in another view, when the analysis of any 
substance has establîsbed the existence in it of three or four 
éléments, as in the case of vegetable or animal matters, we cannot, 
without resort to hypothesîs, pronounce that this combination is 
really ternary or quaternary, instead of berng sîmply binary: for 
we can never assert that we could not, by a preliminary analysis 
less violent than this final one, résolve the proposed substance into 
two immédiate principles of the first order, each of which should.be 
further susceptible of a new binary décomposition. 
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If an unskîlled cheniist sliould at tliîs day apply unduly strong 
nieans to the analysis of saltpetre, the résulte might authorize hîm, 
followîng our présent erroneous procédure, to conceîve of thîs 
substance as a ternary combination of oxygen, azote, and potassium : 
and yet we know that such a conclusion would be false, as the 
substance may be easily reconstructed by a direct combination 
between nîtric acîd and potash, whîch mîght bave been separated 
by a less dîsturbing analysis, without occasioning theîr décomposi- 
tion. How do we know that it may not be so with every combina- 
tion habitually classed as ternary or quateniarj^? Immédiate 
analysis being as yet so imperfect in comparison with elementary 
analysis, es|)ecially with regard to thèse substances, would it be 
rational to proclaim, for the time to come, its necessary and etemal 
impotence with regard to them ? Such judgments seem to be 
founded on a confusion between thèse two kinds of analysis, so really 
différent in themselves, and so characterized in their opérations by 
delicacy in the one case and energy in the other. — One important 
considération, relating to the synthetical point of view, îs évidence 
of this confusion between the two analyses : and that is, the extrême 
dilBculty, if not impossibility, of verifying by synthesis the ana- 
lytical results proper to thèse substances* We bave seen that 
immédiate synthesis is usnally very easy, whîle elementary synthesis 
is scarcely practicable. Thus, recîprocally, it seems to me rational 
to suppose that when the recomposition cannot be effected, the 
analysis bas not been immédiate, — there being no other objection 
to such a conclusion. For example, we exhibit the impossibility of 
reproducing by synthesis vegetable and animal substances : and 
lliis has been even set up as a sort of empirical prînciple. But is 
not this impossibility owing to our persisting in an elementary 
synthesis when we ought to proceed by an immédiate synthesis, the 
materials of which might in many cases be discovered beforehand ? 
ïhis remark is true with regard to a multitude of combinations the 
(lualism of which is, however, very certain, with the sole différence 
that the immédiate principles are better known. If we tried to 
lecompose saltpetre by directly combining oxygen, azote, and 
potassium, we should succeed no better than in reproducing organic 
substances by throwing together their three or four éléments : the 
obstacles which we admit in the last case apply equally to the first. 
The most striking achievement is that of M. Wœhler, in producing 
the animal substance urea. He could not bave donc this if he had 
tried, according to the common préjudice, to combine directly oxy- 
gen, hydrogen, carbon, and azote, whîch concur in the elementary 
constitution of this substance, instead of uniting only its two immé- 
diate principles, till then unknown in this quality. Is there any 
reason to suppose that it is otherwise in any other case ? — It appears 
then that chemists will be safe in attributing an entire generality 
to the fundamental principle of the dualism of ail combinations, 
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under the one easy condition of regardîng as still very imperfect the 
analysis of substances exceeding the binary composition ; and 
especîally the substances called organîc, the true immédiate prin- 
ciples of whîch would thus remain to be discovered. Thèse prin- 
ciples can be conceived of only by îmagining a considérable number 
of new binary combinations, of the first and second orders, between 
oxygen, hydrogen, carbon, and azote : and the realization of thîs 
niay seem, in the présent sfcite of onr knowledge, almost impossible. 
But we bave no right to conclude it to be so, while our analytical 
procédures are what they are ; and there is no scientific objection 
to our supposing that there may be many more direct and binary 
combinations among the éléments of ternary or quaternary sub- 
stances than chemistry bas yet established. 

It must be observed, however, that unîversal and indefinite 
dualism cannot be maintained unless chemîsts will scientifically 
détermine the sensé of the word substance ; that is, restrict it to 
raean real conibination : for it would be easy to cite, and especially 
in physiological chemistry, very marked cases of the defect of 
dualism. But we cannot regard as a true chemical substance an 
accidentai assemblage of heterogeneous substances, whose aggloméra- 
tion is evidently mechanical, such as sap, blood, a biliary calculus, 
etc., unless we confound the notion of dissolution, and even of 
mixture, with that of combination. If we epctend in this way tlie 
use of the term substancCy so valuable in chemistry, we might as 
well treat, as so many chemical substances, the waters of différent 
seas, différent minerai waters, soils, etc. : and even more, artificial 
mixtures of a variety of salts dissolved together in water or alcohol. 
We shall see hereafter that ail diflSculties in this subject may be 
disposed of by our learnîng that they proceed from our not having 
clearly and rigorously separated the chemical from the physiological 
point of view. We may be assured that the most elementary 
notions of chemical philosophy cannot be rationally established, in 
their due clearness, generality, and stability, wîthout being founded 
on a full comparison with biology ; a comparison which can be 
organized only under a complète System of positive philosophy. 

Meantime, there is a marked tendency in the présent movement 
of chemical ideas, towards a complète dualism. The increasing 
assimilation attempted between organic and inorganic substances 
is an indirect advance in that road : but much more striking, in 
this view, are experiments like those of M. Wœhler, which refer the 
most refractory compounds to dualism, either by analysis or synthe- 
sis. A binary formula is adopted, too, to represent the proportion 
of éléments proper to the most complex substances: and, though 
thîs is not a true dualism, it helps to prépare mînds for the estab- 
lishment of a real and gênerai one. The sum of what has been 
said on thîs important subject of chemical dualism is this :— tlie 
real mode of agglomération of elementary particles is, and ever 
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must be, uiiknown to us, and therefore no proper object ot our 
study : — our positive researches being thus circumscribed, we may 
rationally conceive of tlie immédiate composition of any substance 
as binary ; but so as to represent ail the phenomena that chemistry 
can offer to us, in any future state of perfection. Thus, I do not 
propose universal dualism as a law of nature; for this we could 
never establish : but I déclare it to be a fundamental artifice of 
true chemical philosophy, destined to sîmplify our elementary con- 
ceptions, by usîng our optional intellectual liberty in accordance 
with the true end and aim of positive chemistry. 

Thèse are the conditions necessary to the institution of a System 
of natural classification, answering in chemistry to the universal 
liierarchy of living bodies in biology, if the complication of pheno- 
mena would admit of our obtaining such a System. Up to this time, 
perhaps no one has formed an adéquate idea of the nature and 
spirit of such an opération : but, in my view, chemical classification, 
thus conceived of, is the science itself, condensed into the most 
substantial summary. AU I claim to hâve done is to bave intro- 
duced into chemical science the spécial kind of philosophical spirit 
which is naturally developed by biological science, as it has been 
conceived of by ail its great masters, from Aristotle downwards. 

It is because I bave high expectations of what Chemistry will 
become, that I attach so much importance to the preceding discus- 
sion. The science is now weak and desultory, notwithstanding its 
rich collection of facts : but, extended and complex as it is, there is 
no fundamental science, except astronomy, whose phenomena are so 
homogèneous, and therefore so fit for a true systematization, in the 
positive spirit. Now, this future constitution of chemical science 
must, it seems to me, consist in a complète System of natural classi- 
fication, which cannot be obtained till ail combinations, whatever 
their origin, are subjected to a fixedorder of homogèneous considéra- 
tions, and, on the other hand, constantly referred to a fundamental 
dualism. 

We cannot form any certain expectation of the future condition 
of Chemistry from its présent state : but, before proceeding to 
examine the two doctrines which at this day approach nearest to 
positive rationality, — that of definite proportions and the electro- 
chemical theory, — I will indicate two points of doctrine which seem, 
by their nature, to indicate with précision the true dogmatic forma- 
tion towards which the science, as a whole, must tend. 

First, there is the great law of double saline décompositions, 
dîscovered by BerthoUet, and completed by M. Law of double 
Dulong's investigations on the reciprocal action of saline decom- 
soluble and insoluble salts. The case of double solu- P^^^'^'Ons- 
bility, considered by BerthoUet, is this : two soluble salts, of any 
kind, mutuaUy décompose each other whenever their reaction may 
produce an insoluble sait, or one less soluble than either of the two. 
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Thîs theorem stands fîrst among gênerai propositions în chetnîstry; 
and is the only one whîch can as yet give an exact idea of what, in 
chemistry, constitutes a trne law, It has ail the characters of a law : 
it relates to the proper siibject of chemical science ; it establishes a 
relation between two classes of phenomena before independent ; and, 
above ail, it admits of prévision of phenomena according to their 
positive relations. In establishing this law, Berthollet escaped sonie 
metaphysical snares, rejecting hypothèses of affinities ; but he fell 
into one when he attempted to explain the law which he had just 
discovered. No law can be explained otherwise than by showing 
that it enters into another, more gênerai than itself : but this lawof 
Berthollet's is alone of its kind ; and it therefore admits of no 
explanation. It may hereafter be attached to a fundamental theory 
of the recîprocal action of ail compounds of the second order ; and 
such a relation will truly explain it : but at présent it is simply a 
gênerai fact which, inexplicable itself, serves to explain each of the 
particular facts which it comprehends. 

The influence of air and water in the production of chemical 

Chemical phenomena is another of the most perfect doctrines of 

theory ofair chemistry as it stands. The importance of the action 

and water. ^f j^jj. g^^^ water in the terrestrial economy has induced 

some German philosophers irrationally to set up the System of thèse 

two fluids into a sort of third reign, between the inorganic and the 

organic : but abstract chemistry has nothing to do with natural 

history, and regards the study of air and water from a différent 

point of view, while aware of ite fundamental importance. 

AU chemical phenomena take place in the présence of air ; and 
they almost invariably require the intervention of water : it is clear 
therefore that before we sludy any chemical reaction, we must be 
able to analyse the participation of thèse two fluids. Thus the 
chemical theory of air and water is a sort of necessary introduction 
to the System of chemistry, properly so called, as belonfçing more 
to method than to doctrine, and as immediately following the study 
of simple bodies. It is an historical fact that the double analysis of 
air and water marked the first great advance in modem chemistry. 
The influence of the air, not less important than that of water in 
. chemical phenomena, was less difficult to characterize: 

for the air is simply a mixture, and its chemical 
action is merely that of the gases which compose it, each of which 
acts as if it were isolated, allowing for the diminution of intensity 
from its diffusion, and for the very few cases in which the accom- 
plishment of the proposed phenomenon détermines the combînation 
of the gases in an accessory way. Chemistry has only to analyse it, 
leaving ail other study of it to the department of natural history. 
This analysis was effected in the early days of modéra chemistry, 
except that there is still some uncertainty about the proportion of 
carbonic acid gas, and perhaps of some other more considérable 
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prîiicîples, as, for înstance, hydrogen, the existence of wLich begîns 
to be generally suspected. Though no appréciable change in the 
composition of the atmosphère bas taken place withîn balf a century, 
it is impossible to conceive that some altération must not happen, 
in some direction, in course of time, among the many perturbing 
influences whîch act upon the mixture. Their antagonism, and 
that of vegetable and animal action, partly neutralizes them : but 
the equilibrium cannct be précise and continuons. Geological con- 
sidérations and botanical fossils lead us to suppose that at some 
remote periods the composition of the air must bave been sensibly 
diflFerent : and chemists themselves bave actually established some 
slight periodical variations, dépendent on the propoition of carbonic 
acid at différent seasona Our analytical resources are, however, 
very imperfect with regard to the accessory principles of the atmos- 
phère ; for chemists can ascertain nothing of the distinctions which 
are proved to exist in the best-marked localities, by their influences 
on living beings. ïhe study of thèse variations, ail-important in 
its way,— even as possibly indicating the lîmits of human life in a 
remote future, — belongs to natural history ; and that is probably 
the reason why chemists trouble themselves so little about it : and 
if there is neglect, it should be charged upon the naturalists. It 
is true that a préparation is required for their order of study, like 
ail others, — a provision of knowledge, rising from physiology to 
astronomy itself : but the research is not especially a matter of 
chemical duty. 

The study of water requires much more extendcd and complex 
researches than that of the air ; and it is indispen- 
sable to the gênerai System of chemical science : for 
water being a real combination, and perhaps the most perfect known 
to us, may exercise chemical effects proper to itself, independently 
of those attributable to its éléments, and apart from its importance as 
a solvent, — to say nothing of it as a simple mixture. Thus there are 
three aspects under which water must be considered by chemists, 
ail distinct and ail essential ; and the appréciation of them bas been 
slow and difficult, if even we may say that this fundamental examina- 
tion is yet complète. 

The analysis of water, represented by a quantity of hydrogen 
double in volume that of oxygen, and unquestionably confirmed by 
synthesis, is the finest of the early discoveries of modem chemistry, 
not only from the light it casts upon the whole of chemical pheno- 
mena and the gênerai economy of nature, but also from its conquest 
of prodîgious difficulties. In regard to the first view, chemical 
science leaves nothing to désire. Yet, a notion bas arisen, in récent 
times, of the existence of a new and more highly oxygenated com- 
bination between the two éléments of water, which may raîse some 
interesting questions, not about the irréversible composition of water, 
but about the kind of chemical influence which is taken for gi-anted 
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in îts décomposition and recomposition in a multitude of plienomena; 
and especially, about the true mode of union of oxygen and hydro- 
gen in ail substances, and above ail in liquids, which cannot be 
obtained witliout water. Some doubts hâve lately been proposed 
about this, which seem to me to deserve mature examination. 

The dissolving action of water has been the subject of a long 
séries of laborious researches, much less diflScult, and not far from 
complète. Yet more attention ought to be paid than is paid to the 
fine experiment of Vauquelin, in which it is shown that water, satu- 
rated with one sait, remains capable of receiving another, and even 
acquires by that the singular property of dissolving a new quantily 
of the first. This experiment, which has been in a manner despised, 
seems to me of the first order in its way, and a fit basis of a séries 
of interesting researches about the apparently capricious laws of 
solubility, the study of which is yet essentially empirical. 

Chemists were long ia conceiving that water, besides being a 
solvent, might act in a really chemical manner, otherwise than by 
its éléments. It seemed as if a combination so eminently neuter 
must be inoffensive, and inoperative, except by its décomposition. 
It was Proust who thought that this neutrality itself afforded a 
presumption of certain chemical affections, independently of its com- 
position. This was the rational considération which led him to 
create the important study of the hydrates^ regarded as a sort of new 
salts, in which water plays the part, with regard to the alkalies, of a 
kind of hydric acid. 

The examination of thèse combinations, and of ail others that 
water can form with any substances without being decomposed, 
constitutes the third and last part of the fundamental study of water, 
regarded as an indispensable preliminary to the gênerai System of 
chemical studios. 
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CHAPTER III. 

DOCTRINE OF DEFINITE PROPORTION& 

There are two gênerai doctrines in chemistry, as it now exîsts, 
which présent a systematic appearance, and invest tlie science with 
such ratîonality as it bas attained. The first of thèse îs the impor- 
tant doctrine of Definîte Proportions. 

Even if thîs doctrine were complète, ît could exert only 
a secondary influence on the solution of the great sœpeofthe 
problem of the science, — the study of the laws oî doctHne, 
ihe phenomena of composition and décomposition. The essential 
question is, what séparations and new combinations must take 
place under determinate circumstances ; and the theory of de- 
fînite proportions affords no assistance to this kind of prévision. 
It proceeds, indeed, on the supposition that the question is already 
solved ; and that it is to be taken as the point of departure for the 
estimate of each of the new products, — of their quantity and the 
proportion of their éléments. Thus, the theory of definite propor- 
tions présents the singular scientific character of rendering rational, 
in its numerical détails, a solution which usually remaîns empirical 
in its most important aspect. 

It was natural that the founders of modem chemistry should 
bave attended to the laws of composition and décomposition, in pré- 
férence to a study which they regarded as subordinate ; and it was 
natural also that, as the advance of science disclosed to them the vast 
diflBculties of the main problem, they should attend more and more 
to the secondary study, which promised an easier and more speedy 
success. But the most important oflSce of this subordinate theory, — 
that of supplying the defect of immédiate experiment, — can be but 
very împerfectly fulfilled, while it is regarded apart from the 
principal theory; and thus, the doctrine of definite proportions 
will never acquire its fuU scientific value till it is connected with 
an unquestionable basis of chemical laws, of which it will be the 
indispensable numerical complément. 

Meanwhile, however, it affords a real, though secondary assist- 
ance to chemists, in rendering their analyses more easy and more 
{)recise. Moreover, it restricts the number of cases of combination 
ogically possible, by exhibiting the very small number of distinct 
proportions ; and by thus diminishîng ihe uncertainty in cases of 
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chemîcal action, ît îs, în fact, a natiiral prelîmînary to the establîsli- 
ment of those chemîcal laws to wliich ît will be, iinder another view, 
a Decessary supplément. 

In regard to doctrine, thîs theory offers a perfect type of the 
A . j . • precîse Ivînd of ratîonality whîcli must hereafter 

As to doctrine, f, xm*i. -li t ix 

belong to Chemistry as a whole. In regard to 

method, the inquîrers who hâve devoted themselves to establish the 

A * ^r j theory hâve advanced chemîcal scîence while appear- 

mg to diverge from it; simplifying the vast problem 
whîch theîr successors wîll solve, atid preparîng for the disclosure 
of the great laws of compositîon and décomposition, whîch would 
be tmdïscoverable amîdst the infinîtyt)f products, if substances conld 
combine, within certaîn limits, in ail imaginable proportions. Such 
are the claîms of thîs theory, as to doctrine and to method. 

It assumed îts existence and présent form during the first quarter 

lia historv ^^ ^^^^ century : and it arose from a phenomenon 
dîscovered by Eichter, and a spéculative discussion 
established by Berthollet. — ^During the latter half of the last century, 
several chemists had observed that, in the mutual décomposition of 
two neutral salts, the two new salts thus formed are always equally 
neuter. Bergmann, among others, had steadily and spécîally dwelt 
upon thîs. Yet the fact was neglected or underrated tîll Rîchter, 
at the end of the century, generalîzed the observation, saw what 
it imported, and derived from it the fundamental law whîch bears 
„.-,,, his name. The law îs thîs : that the pondérable 
quantities of the dînèrent alkalies requisite to neutrai- 
îze a given weight of any acid are always proportionate to those 
requîied for the neutral ization of the same weight of every other 
acid. Thîs îs, in fact, evidently the immédiate conséquence of the 
maintenance of neutrality after the double décomposition. Such a 
transformation would appear almost spontaneous if it related to a 
simpler and more developed scîence than Chemistry ; but amîdst 
its complications and the imperfection of oiir intellectual habits, 
the closest déductions are dîfficult if they hâve any character of 
generality, and therefore of abstraction ; and thîs achievement of 
Richter's is, in conséquence, eminently meritorious, on other 
grounds than its high utilîty. — Hîs law, with the compléments it 
has since received, is the original basîs of the gênerai doctrine of 
definîte proportions. It exhibited, în the case of a considérable 
number of compounds, the great end of thîs doctrine; viz., the 
assîgnment to every substance of a certaîn chemîcal coeflScîent, 
invariable and spécifie, indicatîng the proportions in whîch it can 
combine with each of those that hâve been sîmilarly characterized. 
When it had been determined, by a double séries of trials, what 
was the numerîcal composition of ail the salts that may be formed 
by any one acid with the différent alkalies, and any one alkali with 
the différent acids, Richter's law enabled us to deduce immedi- 
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ately the proportions relatîng to ail tlie compounds tbat caa 
resuit from the binaiy combinatioa of thèse two orders of sub- 
stancea Bichter himself brought his discovery up to this resuit, 
and prepared (but on a basis of experiment too narrow and 
imperfect) the first table of what were afterwards called chemical 
équivalents» 

Thèse neutral salts constîtuted a particular case, which could 
liardly hâve led on to a gênerai theory of definite BerthoUefs 
proportions. ïhe idea of perfect neutralizatîon must extension. 
probably, at ail times, hâve sugeested to chemists that of a single 
proportion, on either side of which the neutrality must be destroyed ; 
and thus the neutral salts were a natural first stage of the gênerai 
theory ; but they could not in themselves involve sucli a theory. 
It was BerthoUet who extended the considération of proportions to 
the whole of chemical phenomena. Some years after Eichter's dis- 
covery, he established as a fundamental principle, in his * Chemical 
Statics/ the necessary existence of definite proportions for certain 
compounds of ail orders ; and he assigned the essential conditions 
of this characteristic property, which he attributed to ail causes 
which can release the product of chemical reaction, as it forms, 
from the ulterior influence of the primitive agents. He thus added 
to Bichter's restricted case the idea of a great number of cases sub- 
jected to the same principle, and able to lead on to its entire 
generalization. It is assigning much too little honour to BerthoUet 
to recognize only the influence of his contre versy with Proust, 
eminent as was the service rendered by Proust in that conflict, 
in establishing directly the gênerai principle of determinate and 
invariable proportions. 

Such was the double origin, expérimental and spéculative, of 
numerical chemistry. The next development had also a double 
character, arising from the harmony between the con- Daiton'afurther 
ception of Dr Dalton and the expérimental researches extension. 
of Berzelius, Gay-Lussac, and WoUaston. The inquiry was in a 
nascent state when Dalton's philosophie mind discerned its possible 
generality. He proposed the great Atomic theory, under which 
the doctrine of definite proportions was developed ^ j* • ^j. 
the whole extent that it has reached, and which ^^^ ^^^' 
serves as the basis of its daily application. The gênerai principle 
of the theory is this: ail elementary bodies are conceived of as 
formed of individual atoms, the différent species of which unité, 
generally by twos, in a^small number of groups, constituting com- 
pound atoms of the first order, always mechanically indivisible, but 
thenceforth chemically divisible, and, in their turn, constituting ail 
the other orders of composition by a séries of analogous combina- 
tiens. The principle îs in such harmony with scientific conceptions 
in ail departments, that it appeared like a happy generalization 
of the most familiar ideas of scientific men in every province of 
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natural philosophy; and îts universal and immédiate admission 
took place as a matter of course. 

It was observed by Berzelius that the déduction of the existence 
of definite proportions from this principle would be illusory if the 
combinatîons were not restricted to a very small number of atoms : 
for otherwise, — if the number was, though limited, very great, — 
the binary assemblages would be so multiplied that we might as 
well hâve combinations in any proportions whatever ; and then the 
atomic theory might almost equally well represent the opposite 
doctrines of definite and indefinite proportions. Dalton was well 
aware of this ; and the restrictions that he ennnciated were presently 
declared too narrow by hîs successors, who found that tliey woulil 
not comprehend ail existing combinations. His assertion was, that, 
in every combination, one of the immédiate principles always enters 
for a single atom, and the other generally for a single atom also, 
and always for a very small number, rarely exceeding six. Taken 
with the expansion proposed by his successors, the atomic concep- 
tion evidently represents the entire doctrine of definite proportions. 
But it is the theory of successive multiples, derived from the 
primary doctrine, which especially distinguishes Dr Dalton's in- 
fluence upon numerical chemistry. From fhe ground of his doc- 
trine he easily saw that if two substances can combine in various 
distinct proportions, the pondérable qnantîties of the one which 
correspond, in the différent compounds, to the same weight in the 
other, must naturally foUow the séries of whole numbers, since thèse 
compounds will hâve resulted from the union of one atom of the 
second substance with one, two, three, etc., of the first : and this 
coustitutes a principal élément, then perceived for the first time, of 
tlie theory of chemical proportions. 

Berzelius foUowed, with his vast expérimental study of the whole 
Extension by of the important points concerned in numerical 
Berzdiua, chemistry, the différent parts of which he lias done 
more than any other chemist to develop and systematize. He 
first perfected Eichter's law, so as to connect it closely with the 
atomic theory ; by which it became susceptible of the extension 
given to it by Berzelius himself, to ail compounds of the second 
order. But the most important new knowledge has arisen from his 
numerical study of compounds of the first order. By comparing 
the composition of the metallic sulphurets and that of the corre- 
sponding oxides, he discovered a law, analogous to Eichters in 
regard to the salts. This law, — that the quantity of sulphur of 
the first is always proportionate to the qjiantity of oxygen com- 
bined with a like weight of the base in tlie second, — is now 
regarded, by induction, as applicable to ail the compounds of the 
first order to which the same degree of chemical neutrality is 
assignable. And again, the luminous séries of the analyses of 
Berzelius hâve precisely verified in another direction the law of 
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successive multiples discovered by Dalton in pursiiance ot his àtomic 
theory. 

Gay-Lussac followed, witli the valuable numerîcal analyses he 
effected by having recourse to gaseous conibinations, Extension hy 
consîdered, not as to weîght, but to volume. He Oay-Lussac, 
llius not only verified, in a spécial manner, the gênerai prîncîple of 
definite proportions, but presented it nnder a new aspect, whîch, by 
a wise induction, comprehends ail possible cases, — ^showing that ail 
bodies in a gaseous state combine in invariable and simple numeri- 
cal relations of volume. An accessory advantage of this acliieve- 
ment was that the spécifie gravity of the gases might be obtained 
with a précision often comparable to that of expérimental estimate. 
It is necessary, however, to warn inquirers not to be led away, in their 
application of the theory of volumes to substances which bave never 
been vaporized, from the point of view which in Gay-Lussac*s 
application is équivalent to Dalton's, as adopted by Berzelius. 

The labours of WoUaston bore a great part in establishing the 
doctrine of definite proportions. I do not refer WoUastorCs 
chiefly to his transformation of the atomic theory into ^ferijUtuUm, 
that of chemical équivalents, though it bas a more positive character, 
and tends to restrain the student from wandering after inaccessible 
objects, to which the first might tempt him, if not judiciously 
directed. The substitution would be of high value, no doubt, if it 
were not fess a change of conception than an artifice of language. 
Nor bave I in view the ingenious expédients by which Wollaston 
popularized numerical chemistry by rendering its use more clear 
and convenient. A greater service, in our présent view, was his 
fumishing us with the indispensable complément of Eichter's dis- 
covery, by establishing the theory in regard to the acid salts, sinœ 
extended by analogy to the alkaline salts. The case of the acid 
salts was perhaps the most unfavourable possible for the ascertain- 
ment of the principle of invariable proportîon& Wollaston effected 
the proof in the most satisfactory manner ; and this spécial con- 
firmation of the principle is considered, from its nature, the most 
décisive of ail. 

Such bas been the logical and historical progress of theresearches 
which bave constituted numerical chemistry as it is now. We can 
represent by an invariable number, appropriated to each of the 
différent elementary bodies, their fundamental relations of chemical 
équivalence, whence, by very simple formulas, immediately express- 
ing the laws just indicated, we easilypass to the numerical composi- 
tion proper to each combination. No further évidence of the truth 
of the doctrine is needed, than the fact of so many illustrions 
inquirers having attained the same view by ways which each one 
opened for himself, and ail agreeing as to its positive application to 
ail cases of importance, differing only as to the mode of expression 
of the results, in as far as the atomic theory left it indeterminate, 
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and therefore optional. But we miist glance at the difficultie» 

throwa în the way of its application by a considération of tlie 

aggregate of chemical phenomena, in order to form a clear idea o£ 

Ihe final împrovement of which this doctrine yet stands in need. 

Among the points which are beyond dispute, it is, first, évident, 

Scopeofappiica- ^°^ ^^ chemist bas ever doubted it, that substancen 

tionofNumeri- differ as iQuch iu the proportion as in the nature of 

cal Chemistrp, ^j^^jj, constituent principlea It is an axiom of 

chemical philosophy that any change whatever in the numerical 
compêfiition causes a change in the whole of the spécifie properties, 
in a more marked degree as the altération is greater. Varied and 
graduai above ail others as are the proportions produced by the 
chemical phenomena proper to living bodies, they afford a strikiiig 
confirmation to this universal maxim. ïherefore, in the lowest 
stages of chemical analysis, chemists bave always endeavoured to 
assign, as a characteristic property, the proportion of the éléments 
of each substance, as far as was possible : and when this was omitted, 
it was on the understanding that the proposed combînation admitted 
of only a certain proportion ; as in the case of the neutral salts. 

Again, it bas long been acknowledged that there always exîsts, 
between any two substances, a certain minimum and maximum of 
reciprocal saturation, beyond or short of which ail combination 
becomes impossible. At the utmost, certain variations, themselves 
restricted, bave been supposed procurable. BerthoUet established, 
more directly than any one else, the gênerai and necessary existence 
of thèse limits of combination, — one of the principal characters 
which distinguish it from simple mixture. It is clear that the two 
extrême degrees of ail combination must be subject to spécial and 
invariable proportions : and, as ail agrée in this, ail argument about 
the opposite doctrines of indefinite and definite proportions is 
reduced to the question whether the passage from the minimum lo 
the maximum of saturation can be elfected gradually and almosfc 
imperceptibly, or whether it takes place always abruptly, through a 
small number of well-marked degrees. 

Thirdly, the possibility and actual existence of intermediary 
definite proportions are admitted by ail chemists, who can hâve no 
other dispute than about the greater or smaller generality of such 
a property. We bave seen that the idea of neutrality must, sooner 
or later, bring after it that of a determinate and unchangeable 
proportion ; and the graduai development of chemical knowledge 
bas extended this character to more and more varied cases. BerthoUet 
disclosed several other causes of definite proportions, which were 
entirely mîsconceived before his time, and which may meet în almost 
ail combinations, modifying certain circumstancesof the phenomenou. 
The précise question now is, therefore, whether, besides thèse deter- 
minate compounds, subject to fixed proportions, within the two 
çiits of possible combination, there does or does not exist, ia 
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gênerai, «n. contînnous séries of otlier intermedîate compounds of a 
less marked cliaracter; in a word, wliether definite proportion con- 
stitutes tlie rule, as is now generally supposed, or, as BerthoUet 
eiideavoured to establish, tlie exception. ïhis is now tlie only 
dispute. It is no dérogation from the înterest of the doctrine of 
definite proportions to say, as some preceding considérations compel 
us to do, that the décision of tliis disputed point is not of the 
importance commonly supposed. The doctrine has tended to 
siniplify the gênerai problem of chemistry ; but it must not be sup- 
posed that the sohition would hâve been impossible without this 
aid : — it would hâve been siraply more diflScult and less précise. 
The eminent chemists who concurred in establishing the doctrine 
were naturally engrossed by that labour ; but their successors, who 
find numerical chemistry constituted to their hand, must beware 
of losing sight in it of the true scientific aim of chemistry. They 
raust not linger in this vestibule of the science, to the neglect of 
the direct construction of Chemistry îtself, — an enterprîse scarcely 
begun, and to which it is high time that attention should be once 
more fully directed. 

If we inquire, as we must do, how far the doctrine of definite 
proportions is irrevocably established, we shall bear in mînd that 
the founders of numerical chemistiy hâve accomplished that chief 
part which dépends on an investigation of ail known compounds, 
leaving only the question whether the doctrine is compatible wîth 
certain chemical phenomena, neglected during its formation, and 
remaining to be since referred to it. 

The first gênerai objection relates to the important phenomenon 
of dissolution, evidently possible in an infinity of dif- oijeethn of 
ferent proportions. It must be acknowledged that the dissolution. 
distinctions between the state of dissolution and that of combination, 
by which the difHculty has been met, afibrd little satisfaction. In 
my opinion the only efifectual reply must consist in the extension of 
the principle of definite proportions to the phenomena of dissolution ; 
and, diffîcult as it may be to do it, it does not seem to me impossible. 
The way is by the use of an hypothesis already proposed for other 
cases in which it might appear less admissible. AU the successive 
degrees of concentration of the liquid raust be regarded as simple 
mixtures of the small number of definite dissolutions which shall 
hâve been established, either between themselves or with the dis- 
solvent, in the manner of habituai mixtures of water with alcohol, 
with sulphuric acid, etc. In any case, the positive vérification of 
this hypothesis must be extremely délicate. Furthemiore, to render 
the study of dissolutions fully rational, in this point of view, it is 
necessary to combine with it that of other analogous chemical 
phenomena, relating to the absorption of gases by liquids or by 
porous solids. AU thèse différent modes of molecular union are 
often energetic enougli to resîst influences able to destroy certain 
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combînatîons, properly so called : why should tbey not be, like tliem, 
subject to tbe rule of definite proportions, if that rule is truly a 
fundamental law of nature ? 

ïhe next case, that of varions metallic alloys, is very extensîve, 
Ofmetaliio though more particular. ïhe diffiçulty h'es in the 
aiiops, question whether thèse are cases of combination or of 

mixture. The state of combination bas been taken for granted in 
the case of alloys ; whereas the gênerai application of the principle 
of numerical chemistry requires that they should be mixtures; 
while, ngain, it is difficult to conceive of such a mixture of solids 
as could resist perturbing influences which would appear to be 
necessarily destructive ; as great changes of température, the in- 
fluence of crystallization, etc. ïhe question can be decided only by 
a séries of spécial experiments, devised to find the gênerai limita 
of the permanence of unquestionable mixtures; and the results 
mîglit be extended to other questions of numerical chemistry, as of 
certain oxides, on which explanations bave been hazarded too freely. 
When a true chemical theory of mixtures is established on a proper 
basis of experiment, and we leave off referring to an hypothesis of 
mixture ail cases in which combination seems susceptible of an 
indeterminate proportion, in order to bring them under the law of 
definite proportions, we shall get rid of a formidable objection to the 
principle of numerical chemistry. 

ïhe remaining case constitutes the greatest obstacle of ail in the 
Oforganic way of the generalîzatîon of the law of definite pro- 
suhatances, portions : and if it cannot be surmounted, the law 
sinks to the rank of an empîrical rule, fit for nothing more than 
facilîtatîng a certain order of chemical analyses. I refer to the class, 
anomalous in this view, of substances called organic. And this is 
the efiect, in fact, of the déclaration of the chemists of our time, 
that organic substances do not come under the principle of definite 
proportions. It amounts to sayîng that the law rules ail the 
éléments, except oxygen, hydrogen, carbon, and azote. ïhe division 
between inorganic and organic chemistry is merely scholastic ; for 
ail chemistry is, by its nature, homogeneous, — that is, inorganic. 
And thus, if we admit of the enormous exception of the numerical 
composition of so-called organic substances, the doctrine of definite 
proportions is overthrown as a rational theory. As it evidently can- 
not be founded on any à priori considérations, it is only by a strict 
generalîty that it can become a rational theory. 

If we could not hold at once the grand principle of the dualisni 

Application of ^l^îch pcrvadcs chemistry, and constitutes its homo- 

the principle geneous charactcr, and the doctrine of definite pro- 

of duaitsm. portions, I should not hesitate to sacrifice the latter : 

for it is more important for chemical progress to grasp the great 

principle of systematic dualism, than to advance our investigations 

by the use of the numerical rule. But there is not, in fact, any 
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incompatibility between thèse two means of progress : and sucli a 
brîef sketch of my conception on thîs subject as my limîts allow 
may show how the doctrine of definite proportions can be duly gen- 
eralîzed only by discarding organic chemistry as a separate body 
of doctrine, and extending the principle of dualism to ail organic 
compounds. 

If we are to include ail organic compounds under one unîform 
System of chemistry, properly so called, we must refer to physi- 
ology, vegetable and animal, the study of the numerous secondary 
substances whîch owe their transîent and variable existence to the 
development of vital phenomena, and which hâve no scientific 
interest except under the head of biology. We sliall see, under 
that head, hereafter, what the précise classification is ; and ail that 
we hâve to do with it now is to show that it proceeds from the 
fundamental distinction between the state of death and that of life. 
The second, and most extended class of organic substances is chiefly 
composed of mixtures which, as such, admit of ail imaginable pro- 
portions, within the limits of vital conditions. As for the substances 
which exhibit real combinations, we must conceive of them as sub- 
ject to the law of definite proportions ; but the complexity, and yet 
more the instability of such compounds will probably for ever forbid 
their being successf uUy studied under the numerical point of view, 
which is indeed of very inferior interest in biology. — Even after 
this clearing of the field, we could not accomplish the desired 
generalization if we had not taken a new stand with regard to the 
ternary and quatemary substances contemplated by ordinary chem- 
istry. The rigorous dualism which I hâve before, and in a hîgher 
view, shown to be necessary, seems to supply, naturally and finally, 
the needs of the doctrine of definite proportions. 

As long as chemists persist in regarding organic combinations as 
ternary and quaternary, — ^that is, in confounding their elementary 
with an immédiate analysis ; — while oxygen, hydrogen, carbon, and 
azote are regarded as immediately united, the compounds from them 
which must be recognized as distinct, after the severest sifting, will 
be enough to constitute an invincible objection to the principle of 
a numerical chemistry. But if they become binary compounds of 
the second, or at most the third order, whose principles are formed 
by the direct and binary combination of those three or four éléments, 
we find ourselves able to represent ail the actual numerical varîeties 
established by an elementary analysis, conceiving, for each degree 
of combination, a very small number of distinct and entirely defi- 
nite proportions. — In the ternary case, — appropriate to compounds 
of a vegetable origîn, — their three éléments may be united in three 
kinds of binary combinations. Combining thèse again, still em- 
ploying at once oxygen, hydrogen, and carbon, we hâve three prin- 
cipal classes of compounds of the second order. But then again, 
each term of the new compounds really corresponds to two distinct 
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substances : and thus, while adniitting only one proportion for the 
binary composition of thèse bodies, we bave already provided for 
the numerical composition of twelve substances at présent called 
ternary. But, further, we are compelled to suppose at least three 
différent proportions for each binary combination : one producing 
perfect neutralîzation, and the other two the extrême limits of the 
reciprocal saturation : and chemical analogies indicate a much 
larger number of compounds. Putting those aside, we hâve thirty- 
six compounds, without going beyond the second order, by the 
known combination of three éléments on the principle of dualism. 
We are also entitled now to conçoive of a third possible combina- 
tion between oxygen and carbon, or between carbon and hydrogen, 
etc., which already furnish two, after being long supposed to admit 
of only one. Hence, and in view of ail thèse considérations, we 
may be assured that by dualism we mîght completely and naturally 
subject to the law of deânite proportions eighty-one compounds of 
the second order, formed from oxygen, hydrogen, and carbon ; and 
this would unquestionably more than suffice to represent the ele- 
mentary analysis of ail distinct substances in the range of vegetable 
chemistry. 

Passing on to the quaternary case, — characterizing what is called 
Animal Chemistry, — it seems as if the principal class of compounds 
of the second order must be more numerous than in the ternaiy 
case: but the indispensable condition of employing ail the four 
éléments at once restricts the classes to three. But when we ex- 
amine the terms of the secondary compounds, we find that while 
two represent only one compound each, a third represents fiva 
ïhus, the three pairs of compounds yield fourteen of one proportion, 
and forty-two of the three proportions indicated in the last case. 
But applying, at each degi'ee, the ratio^al rule of a triple binary 
combination, without stopping at the inévitable gaps of our existing 
chemistry, we find ourselves in possession of ninty-nine compounds 
of the second order, now regarded as quaternary. ïhis is probably 
a larger nûmber than a rational analysis of animal substances will 
be found tb requise. Moreover, as animal substances hâve undergone 
a greater degreé'bf vital élaboration than vegetable matters, ît would 
be philosoî)bin!al to admit, with respect to them, the possibility of a 
hîgher ordër of composition, such as physiological combinations must 
eminently tend to realize. On such an hypothesis, without going 
beyond thef third order, we might obtain ten thousand perfectly 
distinct compounds from thèse four éléments, ail formed by an 
invariable dualism, and strictly subject to the law of definite pro- 
portions. It is true, nature would not permit the realization of 
more than a small part of thèse spéculative combinations ; but I 
hâve pursued the conséquences of my conception to this extrême 
idéal limit, to show how abundant are the rational resources supplied 
by this new theory for the generalization of the laws of numerical 
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chemîstiy. If thîs view îs not followed up, or some équivalent one 
proposed, it is évident that we must give up the doctrine of definite 
proportions as a law of natural phîlosophy, and retum to Berthollet's 
theory, merely enlarging the cases of fixed proportions whîch he 
admitted. In the présent state of the question there îs no other 
choice. But my theory having been, not înstituted for this desti- 
nation, but naturally arrived at by another way, and with higher 
views, and proceeding from established principles, to meet the needs 
of chemical philosophy, seems to me to be presumptively entitled to 
a future, and perhaps speedy realizatîon. 

This account of the présent aspects of the doctrine of definite 
proportions will enable any one to judge of its real progress from 
its institution to this day ; of the conditions which must be fulfiUed 
before its principle can be converted înto a great law of nature; and 
of the rational course which alone can leap to such a final constitution 
of numerical chemistry. 
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CHAPTER IV. 

THE ELECTRO-CHEMICAL THBORT. 

From the beginnÎDg of modem chemistry, the chemical inflnence 
BeiatUm of ^^ electricîty manifested itself unequîvocally in many 
Eiectricitp to important phenomena, and above ail, îû the grand 
Chemisbry experiment of the recomposition of water by the direct 
combination of oxygen with hydrogen, effected by the aîd of the 
electric spark. But the spécial attention of chemists was not 
strongly drawn towards this agency till Volta's immortal discovery 
disclosed its principal energy, in rendering the electric action at 
once more complète, more profound, and more continuons. Since 
that time, varions séries of gênerai phenomena hâve taught us that 
electricity is a chemical agent more universal and irrésistible than 
heat itself, both for décomposition and combination. The danger 
now is of exaggerating the relation it bears to the gênerai System of 
chemical science. Though chemistry is united to physics by this 
agency more than by any other, it must yet be remembered that the 
two sciences are distinct, and that there should be no confounding 
of chemical with electrical properties. In order to ascertain with 
précision what are the relations of chemistry with electrology, we 
must briefly review the gradation of ideas which hâve led up to the 
présent electro-chemical theory, as systematized by Berzelius. 
The first important chemical effect of the voltaic influence was 
History of the decompositiou of water, established by Nicholson 
thecoH, in 1801. It was a necessary resuit of examination 

into the action of the pile, without any chemical intention. It 
NichoUorCs coufirmcd a truth before well known : but it had a 
discovery, higj^ chemical value, as revealing the chemical energy 
pf the instrument ; and it thus constituted the starting-point of 
electro-chemical research. We may even refer to this orîgin the 
first attempts at founding a gênerai theory of electro-chemical 
]:)henomena; for the conception ofiered by Grothuss, to explain 
Nicholson's observation by the electric polarity of molécules, con- 
tains the germ of ail the essential ideas which hâve expanded, accord- 
ing to the réquisitions of the phenomena, into the présent electro- 
chemical theory. 

The analytical power of the voltaic pile having been once dis- 
covered, it was natural for the chemists to apply the new agent to 
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the décomposition of substances whîch had hîtherto resîsted ail 
known means. This first séries of attempts produced, after a few 
years, the brilliant discovery by the illustrions Davy, Davifs dis- 
— of the analysis of the alkalies, properly so called, covery. 
and the eartlis. Lavoisier's theory, which showed that every 
salifiable base must be a resuit of the combination of oxygen wîth 
sotne métal, had foreshown this analysis ; but no chemical means 
had sufficed to effect it. It was believed in, in spite of Berthollet's 
discovery of the true composition of ammonia; and the brilliant 
resuit obtained by Davy was an easy conséquence of a discovery 
completely prepared for. M. Gay-Lussac soon followed, with a 
more diflScult but less striking achievement, — the confirmation, by 
a purely chemical process, of the electrical analysis of potash. 

Nicholson's observation having originated electro-chemistry, and 
Davy's givén it a great impulse, the next step was to investigate 
the chemical influence of electricity, in a scientific view. This was 
effectually, though indirectly, determined by Davy's great feat ; for 
by it chemistry was proved to hâve achieved the most important, 
and hitherto inaccessible analyses : and in fact, the science has not 
since made any essential acquisition. Electro-chemical action was 
presently and permanently subjected to direct and regular study ; 
and it was irrevocably constituted a fundamental part of chemical 
science when Berzelius accomplished his séries of Beneiius^a 
investigations on the voltaic décomposition of ail the extermon. 
salts, and then of the piincipal oxides and acids. It was in consé- 
quence of thèse researches that the habituai considération of electric 
properties has assumed a growing importance in the chemical study 
of ail substances, which are now scientifically divided into the 
classes of electro-negatives and électro-positives. It was thus the 
l)rivilege of Berzelius to be the first to conceive of the electro- 
chemical theory under an entirely systematic form. 

One condition remained to be fulfilled, to give its due scientific 
character to this new branch of chemistry. ïhe syntheticai 
voltaic action had thus far been regarded only ana- process. 
lytically: — it must be regarded synthetically also. This was 
done by the labours of Becquerel, who fully established the 
synthetical influence of electricity, fitly applied ; and who, more- 
over, employed it in efFecting new and valuable combinations, 
hitherto impracticable. From this procédure arose the necessity 
of modifying the method of expérimentation. The apparatus 
which was powerful enough to décompose was much too powerful 
to combine, because it would probably décompose the immédiate 
])rinciples whîch were intended to be combined ; and thence arose 
the method of employing the protracted action of veiy feeble 
electric powers, — every advantage being given to the disposition of 
the substances to be acted upon. M. Becquerel did this very suc- 
cessfully by operating with a single voltaic élément, and seizing 
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each substance in tlie state called n(i8cenU'và\v^\ is af^reed upon 
, ^ as most favourable to combination. ïhis change of 
tcqueit s. procédure is the distînctive honour of M. Becquerel. 
He not only determined direct combinations, not before obtainable, 
but exhibited in others, which were obtainable, the remarkable 
property of clearly manifesting theîr geometrical structure, through 
the slowness and regularity of theîr graduai formation ; — ^a character 
especially marked in the case of certain metallic sulphurets, some 
oxides, and several sait*?. It does not lie within our province to 
point ont the results of this method in regard to the natural history 
of the globe, in explaiuing a great number of minerai orîgins, when 
the time for such concrète questions shall hâve arrived. It is more 
in our way to observe the importance of thèse labours in bringing 
up chemical synthesis to something like harmony with the progress 
of aualysis, — favoured as the latter pursuit had been by the ease 
witli which we destroy, in comparison with the difficulty with 
which we recreate. Once more, thèse researches of M. Becquerel 
hâve completed the gênerai constitution of electro-chemistry, which, 
being henceforth at once synthetical and analytical, can only expand 
in one of thèse two directions, however great the improvements 
remaining to be attained. 

Such bas been the filiation of electro-chemîcal discoverîes, sînce 
the beginning of our century. A little attention to the gi-eat pheno- 
menon which was the original subject of the electro-chemical theory 
will show how this study bas gradually led to a new fundamenlal 
conception for the whole of Chemistry. 

It bas been said, through ail periods of chemical research, that 
study of the study of Combustion must be the central point 
comhuatùm. q{ the sciencc. So it was thought in the ancîent 
theologîcal period of the science ; and also in the more récent 
metaphysical stage, when combustibility was called phlogiston, and 
regarded as an intangible materialized entity: and the ad vent of 
the positive period of chemistry was marked by the establishment 
of Lavoisiers new theory of combustion. In our day it is the 
recognized necessity of modifying this theory that bas especially 
led to the electric conception of chemical phenomena. 

The pneumatic theory of combustion of Lavoisier had two entirely 
Lavoitiei'è différent objects in view ; objects which are too com- 
theory. monly confounded, but which we must be careful to 

keep a part. First, the analysis of the gênerai phenomenon of com- 
bustion : and, secondly, the explanation of the effects of beat and 
light, which is, in the eyes of the vulgar, the more important of 
the two. Both were treated in the most admirable manner possible 
în the existing state of knowledge ; and in the characteristics of 
positivity and rationality Lavoisier's theory bas not since been sur- 
passed. AU combustion, abrupt or graduai, was regarded as con- 
sîsting in the combination of the combustible body with oxygen, 
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whence, wlien tlie botly was simple, must resuit an oxîde, generally 
susceptible of becoming tlie basis of a sait, and, if the oxygen was 
prépondérant, a true acid, the princîple of a certain kînd of salts. 
As for the disengagement of beat and light, it was attributed, in a 
gênerai way, to the condensation of the oxygen, and in an accessory 
way, to that of the combustible body, in this combination. 

The first part of this anti-phlogistic theory bas a much more 
philosophical character tlian the second. It was _,. ^ ,. . . 

^ ' \y j • 1 i 1 .1 1 ff First dimsion, 

eminently rational to analyse the phenomenon or 
combustion, so as to seize whatever was common to ail cases. The 
conclusions drawn might be too gênerai ; and were afterwards 
proved to be so ; but whatever would stand the test of time must 
form abody of indestructible truth, constituting an essential part of 
chemical science through ail future révolutions. The case is dif- 
férent with the explanation of beat and light. The question is not, 
like the first, of a chemicnl, but a physical nature ; and, whatever 
may be its final solution, it cannot afFect chemical conceptions. It 
would bave been wiser to abstain from offering any gênerai explan- 
ation of the effects of beat and light through such a supposition as 
that of a condensation, which does not necessarily take place, and 
which is, in fact, found to be often absent. Lavoisier hoped to 
attach the thermological effect to the great law discovered by 
Black, of the disengagement of beat proper to the passage of any 
body from one state to another more dense ; but sucb a connection 
could not be established on the ground of phenomena not invariably 
présent, or indisputably manifested. However, it would be too 
much to expect a perfect scientific reserve in discoverers who bring 
ont scientific truths from a région of metaphysical fantasies. It is 
from theîr followers that we bave a right to demand it ; and we are 
compelled to charge upon the chemists who bave been eager to 
substitute the electro-chemical theory for the anti-phlogistic theory, 
properly so called, a want of care in constructing explanations ana- 
logous to those which are dismissed as insufficient. To justify this 
charge, we must review the proofs of the imperfection of Lavoisier's 
theory, — still regarding it under the two divisions just exhibited. 

Berthollet saw presently that Lavoisier's method of analysis of 
combustion must be modified. One of the chief con- Bet'thoiiet'a 
séquences of this analysis was that every acid and limitation. 
every sali fiable base must be a resuit of combustion ; that is, of the 
combination of any élément with oxygen ; whereas. Berthollet dis- 
covered that one of the most marked of the alkalies, ammonîa, is 
formed of hydrogen and azote alone, without any oxygen ; and soon 
after, be proved that sulphuretted hydrogen gas, in which also 
there is no oxygen, nevertheless présents ail the essential properties 
of a real acid. Thèse facts bave since been cohfirmed in everv 
possible way, and especially by the electric method ; and the excep- 
tions, both as to alkalies and acids, bave become so multiplied, that 
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the investigation and compavison of tliem hâve gîven that high 
character of generality to the study of alkalies and acids which 
belongs to it in our time. 

Moreover, the primitive theory of combustion has been gradually 
raodifîed by the discovery that a rapid disengagement of beat and 
light is not always an indication of a combination with oxygen. 
Chlorine, sulphur, and several other bodies, even non-elementary, 
liave been found to occasion true combustion. And again, the 
phenomenon of fire is no longer attiibuted exclusively to any spécial 
combination, but, in gênerai, to ail chemical action at once very 
intense and vivid. 

It does not follow that because Lavoisier*s discoveries hâve parted 
with some of their character of generality, they hâve lost any o( 
their direct value : and such altération of views as there is relates 
chiefly to artifîcial phenomena, while the natural facts remain 
securely established. Thus, though there are acids and alkalies 
wîthout oxygen, it is unquestionable that the greater number of 
them, and especially the most powerful, are oxygenated : and again, 
if oxygen be not indispensable to combustion, it remains the chief 
agent, and especially in natural combustions. In natural history, 
the theory is applicable, alraost without reserve, though it is insuf- 
ficient for the severe conditions of abstract science. If the universal 
sovereignty of oxygen has been overthrown, it will yet be for ever 
the chief élément of the whole chemical System. 

As for the second aspect of the discovery, — the explanation of 

. fire, — îtwasdestroyed by the first direct examination 

xmfvm. ^£ j^ jj^ ^^^ ià.QX% were required for its overthrow, 

but merely a more scientific appréciation of common phenomena. 
It will not even serve naturalists for their concrète purposes in any 
degree, having never really explained the most ordinary effects. 
The required condensation is found to be only occasionally présent, 
and often absent in the most important cases ; so that if it were 
not for the connection of this aspect of the theory with a sounder 
one, it would be inconceivable how it could bave held its ground 
up to a récent period, — busy as the chemists were with other 
theoretical spéculations. After finding that in cases where conden- 
sation was supposed, expansion exists instead ; and that where we 
find vivid combustion, there should, by the theory, be a great cool- 
ing, we are brought to the refiection that if the fire on our heartbs 
was not a matter of daily fact to us, its existence must become 
doubtful, or be disbelieved, through those very explanations by which 
the phenomenon has been proposed to be established. ïo my 
mind, this is a clear indication that the chemical production of 
fire does not admit, in a gênerai way, of any rational explanation. 
Otherwise it appears incompréhensible that men of such geniiis 
and such science, at a time so near our own, should hâve been so 
deluded. The electric fire, now proposed for an explanation, must 
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hâve beea sufficîently known to Lavoîsier, Cavendish, Berthollet> 
and others, to hâve served as a basis to their theory, if its prépon- 
dérance over the merits of their hypothesis had been so great as is 
now commonly supposed. This considération, however, striking 
as it may be, is no dispensation from the duty of examining the 
electro-chemîcal conception, for which we hâve been prepared by 
this short account of its antécédents. 

According to this theory, th« fire produced in the greater number 
of strong chemical reactions must be attributed to a real electric 
discharge which takes place at the moment of combination (by the 
mutual neutralization, more or less complète, of the opposite electric 
conditions) of the two substances under considération, — one of which 
must be électro-positive and the other electro-negatîve. There is 
every reason to fear, however, that when this theory bas been efFect- 
ually examined, it will be found as defective in rationality as its 
predecessor. If electric efFects are concerned in ail chemical pheno- 
mena, as seems to be now agieed upon by most chemists and 
physicîsts, they must oftener be supposed than found : and the 
electric symptoms are most impossible to detect in precîsely those 
chemical phenomena which hâve been most relied on for overthrow- 
ing the old theory. And in the cases in which electrization is 
évident, its chemical influence is so equivocal that some regard it 
as the cause, and others as the efFect, of the combination. The 
explanation is not yet positively established for any phenomenon 
whatever that bas been duly analysed: while its vague nature 
leaves room for fear that it will not be so radically or so speedily 
destroyed as its predecessor. It could be plainly shown whether 
the requisite condensation did or did not exist : but there is always 
a resource, in the more récent case, in the faint or fugitive 
character of the electric condition, which défies our means of posi- 
tive exploration, — qualities which are far from being a ground of 
recommendation of a theory which is to account for very striking 
and intense efFects. I do not désire to say that the disengagement 
of light and beat can never bave an electric origin, any more than 
Ihat it can never proceed froûi the condensation proposed : but I 
think an impartial observation would décide that in most cases of 
combustion there is neither condensation nor electrization. My own 
vîew is that thèse vain attempts to explain the chemical production 
of fire proceed from the lingering metaphysical tendency to penetrate 
into the nature and mode of being of phenomena : and that chemical 
action is one of the varions primitive sources of beat and light, 
which cannot, from their nature, usually admit of any positive 
explanation ; that is, of being referred, in this relation, to any other 
fundamental influence. 

If our chemical science were more advanced than it is, we should 
not bave to point out that the considération of fire, which, however 
important, is only a physical accessory of chemical phenomena, 
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cannot afford a rational ground for a radical change in our con- 
ceptions of chemical action. Whea our predecessors regarded beat 
Difficuities of as the chicf physical agent in composition and decom- 
the theory, position, thcy did not pervert such a considération to 
the point of assimilating chemical to thermological efFects. We 
are less cautions at the présent day : we confound the auxiliary, or 
the gênerai physical agent of the phenomenon, with the phenomenon 
itself, and pervert chemistry by confounding it with electrology, by 
îrrationally assimilating chemical to electrical properties, as îs seen 
especially in the theory of M. Berzelius. How can there be any 
scientific comparison between the tendency of two bodies to a 
mechanical adhésion after a certain mode of electrization, and the 
disposition to unité ail their molécules, external and internai, by a 
true chemical action ? M. Berzelius bas frankly declared that 
cohésion, properly so called, admits of no electric explanation. 
Nothing is gained towards explaining the molecular connection, 
indissoluble by any mechanical force, in contrast with the magnetic 
imion so easily overcome, by talking of voltaic éléments with their 
positive or négative pôle, and their connection by the electric anta- 
gonism of the opposite pôles. Such inventions give no idea what- 
ever of molecular cohésion. Nor is aflSnity, or the tendency to 
combination, any better explained by the electro-chemical theoiy. 
Electrical phenomena, in physics, are eminently gênerai, offering 
only différences of intensity in différent bodies ; whereas, chemical 
phenomena are essentially spécial or élective : and therefore every 
attempt to make chemistry, as a whole, enter into any branch of 
physics, is thoroughly anti-scientific. Tbis would be enough : but 
we see besides that the smallest changes in the mode of electriz- 
ation reverse the electric antagonism, and destroy the proposed 
electrical order of elementary bodies : we find ourselves unable to 
deduce the new electric properties which the theory bids us look 
for in the compounds of différent orders ; we do not know by what 
laws they dérive their positive or négative character from the 
electric condition of each of the twô éléments ; nor are we able to 
approach the great end of chemical science, — the prévision of the 
qualities of compounds by those of their constituent éléments. 
Moreover, in any case, the great body of chemical phenomena 
opposes insurmountable obstacles ; as when oxygen, the most néga- 
tive élément, when entering largely into certain oxides, finds them 
positive towards certain acids, into which it enters much more 
sparingly, — ^the radicals of the first being often as négative as those 
of the last. According to M. Berzelius's own frank déclaration, 
organic compounds cast insuperable difficulties in the way of 
bis arrangement of electric relations ; and be allèges the transience 
of the combinations in that class of cases as an explanation of the 
anomaly : but chemical science would be impossible if compounds 
were not througbout considered stable till causes of décomposition 
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arîse : and îf organic compounds are guarded from thèse, they 
remain chemically stable, like inorganîc substances. The funda- 
mental obstacle of the whole case, — the identîty of the éléments, in 
opposition to the electric variety,— cannot by any means whatever 
be got over. 

Leaving ail thèse diflSculties on one side, we learn nothing about 
chemical phenomena by likening them to electric action, for we 
establish thus no harmony between the pretended causes and the 
real eiFects. Every attempt seems to prove simply the auxiliary 
influence of electricity on chemical eflîects, — acting as beat does, 
only with a différent intensity. In fact, there are scarcely any 
electro-chemîcal combinations whîch cannot be effected by ordinary 
chemical processes, without any electric indications ; and the few 
exceptional cases stîU existing may, by analogy, be expected to be 
brought under the rule. If, in the face of ail this, we were to per- 
sist in investîng the electrical influence with the spécifie and mole- 
cular attributes of chemistry, we should merely be restoring the old 
entity of affinityy decked out with some hypothetical material attri- 
butes, which would be far from rendering it more positive: and such 
a procédure would be as hurtfiil to physics as to chemistry, by 
infusing new vagueness into our notions of electricity, which are at 
présent far from being sufiiciently distinct. And then might foUow, 
as likely as not, the founding on electrology, not only the whole of 
chemistry, but the théories of beat, of weight, and probably, as a 
conséquence, that of celestial mechanics. And then, if we added to 
this heterogeneous assemblage a con founding of the supposed nervous 
fluîd with the pretended electric fluid, we should bave attained to 
the show of an universal System, devoid of ail scientific use, which 
would fall to pièces as soon as tested by real study, parting off into 
catégories of independent doctrine, and encumbering natural phil- 
osopliy with insoluble questions, which must be discarded, to enable 
us to begin afresh. 

Thus, to sum up, the great chemical influence of electricity, like 
that of weight, and yet more of beat, is unquestionable ; and I bave 
endeavoured to exhibit the high importance of electro-chemistry to 
the improvement of chemical science, of which it is one of the essen- 
tial éléments. But I must, once for ail, reject the conception 
through which it has been attempted to transform ail chemical into 
electrical phenomena. In a philosophical point of view, Lavoisier's 
theory appears to me, notwithstanding its serions imperfections, 
very superior as a scientific composition to that to which it has gîven 
place. It related directly to the aîm of chemical science, — the 
establishment of gênerai laws of composition and décomposition; 
whereas the newer theory draws attention away from it, in a vain 
inquiry into the intimate nature of chemical phenomena. Thus the 
anti-phlogistic conception has suggested numerous and important 
chemical discoveries, while it is very doubtful whether as much will 
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ever be saîd for the electric tlieory. In an indirect way, however, ît 



itipoêUian may operate favonrably for chemical science, by ils 
andpowen. binary antagonism suggesting the extension of dnalism 
among compoands whiéh are as yet sapposed to be more than bin- 
ary. Berzelius appears to bave felt this connection ; and be would 
Erobably bave erected dualLsm into a fundamental principle but for 
is subjection to the old division of chemistry into organic and 
inorganic. Others, who are free from this entanglement, may be 
prepared by the electro-chemical theory for gênerai dualism ; thongh 
it is not, in principle, désirable to recur to faulty means to attain 
<;ood results in an indirect way. In another view, this theory may 
be usef ul, — in fixing the attention of chemists on the inflaence of 
timeinthe production of chemical effects; — ^an influence remarkably 
manifested by many phenomena, but not, as yet» directly analysed. 
Not only does time naturally increase the mass of the products of 
chemical re-action ; it also causes formations which would not 
otherwise exist The chemical theory of time is at présent a blank 
in science ; and the phenomena of electro-chemistry seem likély to 
enlighten us on this head, — so ail-important in its connection with 
chemical geology, while constituting an indispensable élément in 
the conceptions of abstract chemistry. 

To complète our survey of the philosophy of Chemistry, we must 
turn to some considérations already suggested, on the subject of 
what is commonly called Organic Chemistry. 
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CHAPTER V. 

ORGANIC CHEMISTRY. 

Organic Chemîstry comprehends, it cannot be denîed, two kinds of 
researches, chemical and physîological, wliîch ave perfectly distinct. 
For instance, tlie study of organic acids, and especially the vegetable 
acids, and alcohol, ethers, etc., bas a character as Cmfusionof 
purely chemical as that of any inorganic substances two kinds 
whatever ; and, on the other hand, there is no doubt ^ff^^- 
of the biological character of inquiries înto the composition of sap 
or blood, and of the analysis of the products of respiration, and 
many other matters inchided în organic chemistry. The confusion 
of the two orders is prejudîcîal to both sciences, and especially to 
physiology. The division of Chemistry conceals or violâtes essential 
analogies, and hinders the extension of dualism into the organic 
région, where it is seldom found, though, as I hâve shown, it is 
optîonal, in fact, throughout the whole range of chemistry ; and thus 
the arbitrary arrangement is the chief obstacle în the way of the 
entîre generalization of the doctrine of definite proportions. And 
whenever a true chemical theory shall fitly replace the anti-phlogistic 
conception, it must necessarily comprehend ail organic, as well as 
inorganic compounds. The most philosophical chemists are tending 
more and more to a récognition of the identity of the two depart- 
ments ; and there can be no doubt that the establishment of that 
identity will be an immédiate conséquence of a rational classification 
of chemical knowledge. 

The confusion is more mîschievous, but less felt by chemists, 
tmder the other view, — the compréhension of biological phenomena 
among those of organic chemistry. The confusion arose from the 
need of chemical researches in veiy many physîological questions ; 
and thèse chemical researches, being usually extensive and diflScult, 
were out of the range of the physiologists, and were taken possession 
of by the chemists, who annexed them to their own domain. Both 
classes were to blâme for the vicions arrangement, and both must 
amend their scientîfic habits before a division can be effected in 
entire conformity to natural analogies. The physiologists hâve the 
most difficult task before them, having to qualify themselves for 
inquiries from which the chemists hâve only to abstain. 

It is scarcely possible to characterize or to circumscribe the 
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physîologîcal part of organic cliemistry, formed as it is by successive 
encroachments. It coiiiprehends tke chemical analysis of ail tlie 
anatomical éléments, solid or fliiid, and tliat of tlie products of tlie 
organism; and if its usurpations remaîned unchecked, it woiild. 
soon include tlie phenomena of what Bichat called the organic li/e; 
that is, the functions of nutrition and sécrétion, tlie only ones 
common to ail living bodies, and in wliich the chemical point of 
view might well appear the natuml one. In snch a state of thîngs, 

Î)hysiology would be reduced to the stiidy of the fnnctions of animal 
ife, and to that of the development of the living being. It is easy 
to see what would become of biological science, if it were reduced 
to this fragmentary state. Chemists cannot but be unfit for the 
rational examination of the important questions of anatomy and 
physiology, vegetable and animal, because the research requîres that 
compréhension of view which theîr studies, as chemists, preclude 
them from obtaining. In the anatomical relation, they are per- 
petually overlooking the fnndamental division, established by M. de 
Blainville, between the true éléments ol the organism, and its simple 
products ; and they take for one another, almost indifferently, the 
tissues, the parenchyma, and the organs. The spirit of biological 
investigation being unknown to them, they can neither choose their 
subject well, nor direct their analysis wisely. If thèse are grave in- 
conveniences in anatomical questions, they are much more serions in 
physîological problems, properly so called, the essential conditions 
of which are not understood by chemists. The rational direction 
of physiological analysis can take place only by the subordination 
of the chemical to the physiological view ; and therefore by the 
employment of chemistry by the physiologists themselves, as a 
simple means of investigation. It is an analogous case to that 
before exhibited, of the application of mathematical analysis to 
physical questions. If it is important that physicists should employ 
the instrument of analysis, instead of delivering over physical sub- 
jects to the mathematicians, to be a mère thème for analytîcal 
exercises, much more important is it that the greater diversity of 
view in chemistry and physiology should not be lost sight of. The 
irrational and incohérent studies comprised in the organic chemistry 
of our day give us no idea of the true nature of the aîds that biology 
raay dérive from chemistry. A few instances will show the high 
importance of an improved organization of scientific labour. 

In the anatomical order, almost ail the researches of chemists 

RdatUm of ^^^® ^ undcrgo an entire revision by the physiologists, 

Chemistry to before they can be applied to the studies of the ele- 

Anatomy, ments or the products of the organism. The fine 

séries of researches of M. Chevreul on fatty bodies are perhaps the 

only important chemical study immediately applicable to biology, 

animal or even vegetable. In the chemical analysis of blood or 

sap, or almost any other élément, a single case, taken at hnzard, is 
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«sually presented as a satisfactoiy type, wîthout any comparative 
investigation eitber of each species of organisai in its normal state, 
or of the degree of development of the living being, — ^its sex, its 
tempérament, its mode of alimentation, the System of its exterior 
conditions of existence, etc., and other modifications which physi- 
ologists alone can duly estimate. Such analyses correspond to 
DOthing in anatomy but the single case observed ; and even that is 
seldom sufficiently cliaracterized. Hence inévitable divergences 
among cliemists, who choose différent types, and discussions of no 
scîentific use, as the discordance is attributed to the différent 
analytical methods employed, instead of to the variations which 
physiology would bave led them to anticipate. The case is the 
same with regard to products first secreted and then excreted, as 
bile, saliva, etc., which offer a still greater complication. Tho 
chemists make no inquiry about the parts from which thèse pro- 
ducts are tuken, or the modifications which may bave been occasioned 
by theîr remaining some time after their production, etc.; and 
therefore the analyses of thèse products, however often renewed, are 
still incohérent and thoroughly defective. We owe to M. Easpail 
a full exposure of the practice of the chemists of multiplying 
organic principles almost without limît, from différences of char- 
acter which imply no distinction of nature', but are merely marks 
of various degrees of élaboration of the same principle in différent 
developments of végétation ; and even from confounding the 
observed substances with their anatomical envelope. It is to be 
regretted that M. Baspail did not complète bis great semce to 
science by founding ratîonally the physiological portion of organic 
chemistry, instead of vainly attempting to systematize organic 
chemistry, under the bias of our crude chemical éducation. 

If we turn from the anatomical order of questions to the physio- 
logical, we sliall flnd yet stronger évidences of the t fk ' lo 
inaptitude of chemists for bîological inquiries. AU ^ ^**^ ^^' 
endeavours bave yet failed to establish any point of gênerai doctrine 
in biology ; and we find ourselves merely with simple materials, 
which must be newly elaborated by physiologists, under the view of 
vitality, before they can be put to use. ïo give an example or two : 
— the experimeuts of Priestley, Sennebier, Saussure, and others, on 
the mutual chemical action of vegetables and atmospheric air, were 
of the highest value, as instituting positive knowledge of the vege- 
table economy ; but the inquiry is by no means so simple as its 
founders naturally supposed, after having analysed one separate 
portion of the phenomenon of végétation. The absorption of car- 
bonic acid, and the exhalation of oxygen, though very important in 
relation to the action of leaves, are only one aspect of the double 
vital motion, and cannot be understood but in the physiological view 
of both. This action cannot explain the elementary composition of 
vegetable substances, or détermine the kiqd of altération sustained 
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by tlie aîr through végétation, because ît îs, îa otber ways, partîally 
compensated by the precîsely inverse action produced by the ger- 
mination of seeds, the ripening of fruits, etc., and even, as regards 
the leaves, by the mère passage from light to darkness. It is much 
lo hâve indicated the true nature of the requisite research, and to 
hâve supplied some materials for it The rest is the business of the 
physîologists. If we turn to animal physiology for examples, the 
case is yet more striking. 

After ail the inquiry that bas been made înto the chemical pheno- 
mena of respiration, no fixed point is yet established. It was long 
supposed that the absorption by the ïungs of atmospheric oxygen, 
and its transformation iuto carbonic acid, would explain the great 
phenomenon of the conversion of venons into arterial blood. Bat 
the problem is much more complicated than was supposed by the 
chemists who established this essential part of the phenomenon, and 
whose labours présent the most contradictory conclusions in regai'd 
to the facts under their notice. We do not know, for instance, 
whether the quantîty of carbonic acid formed really corresponds to 
the quantity of oxygen absorbed; and even the simple gênerai 
différence between the înhaled and exhaled air, which is the first 
point to be ascertained, is far from being positively established. 
The atmospheric azote appears to some to be increased after respira- 
tion, while others say it is diminished, and others again that it 
remains the same. The disagreements about the changes in the 
composition of the blood are yet more marked Perhaps the inapti- 
tude of chemists and physicists for physiological i-esearches is more 
striking still in the case of animal beat. In the early days of 
modem chemistry, this phenomenon sëemed to be sufficiently 
accounted for by the disengagement of beat corresponding to the 
deôarbonizingof the blood in the lungs, which the chemists regai'ded 
as the focus of a real combustion ; but this explanation was soon 
found to be inadéquate, even in a normal condition; and much 
more in varions paûiological cases. Uncertain as we still are as to 
the pulmonary influence in the process, we know that ail the vital 
functions must concur in it, in a greater or smaller degree. There 
is even some reason to suppose, in direct opposition to the opinion 
of the chemists, that respiration, far from aiding to produce animal 
beat, constantly tends to diminish it. 'No doubt, the chemical 
effects occasioned by vital action must al ways be taken into tbe 
account in tbe study of animal beat ; but it is only the pbysiologists 
who can deal with them in the light of the whole subject. When 
we bave learned to combine the chemical and the physiological view, 
we may proceed to the formation of positive doctrine, withouthaviog 
to deal with preliminary obstacles ; as, in regard to such questions 
as the gênerai agreement between the chemical coipposition of living 
bodies, and that of the whole of their aliments ; a case which con- 
stitutes one of the principal aspects of the^vital state. 
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It îs évident, at the outset, that every livîng body, whatever îts 
origin, must be, in the long run, composed of the différent chemical 
elenaents concerned in the substances, solid, liquid, and gaseous, by 
whicb it is habitually nourîshed ; since, on the one hand, the vital 
motion subjects its parts to a continuai rénovation, and, on the other, 
we cannot without absurdity suppose it capable of spontaneously 
producing any real élément. This considération is so far from 
involving any difficulty, that it mîght lead us to divine the gênerai 
nature of the principal éléments of living bodies ; for animais fee J 
in the first place on vegetables, or on other animais which hâve 
eaten vegetables ; and in the second place, on air and water, which 
are the basis of the nutrition of plants : and thus, the organic world 
evidently admits of those chemical éléments only which are furnîshed 
by the décomposition of air and water. When thèse two fluids 
hâve been duly analysed, physiologists can, in a manner, foresee 
that animal and vegetable substances must be composed of oxygen, 
liydrogen, azote, and carbon, as chemistry taught them. It is true, 
such a prévision must be very imperfect, as it indicates nothing of 
the différence between animal and vegetable substances, nor why 
the latter usually contain so much carbon and so little azote. But 
this first glimpse, though it suggests some of the difficulty of the 
problem, yet indicates the possibility of establishîng such a gênerai 
harmony. But, when we proceed with the comparison, we encounter 
important objections, which are at présent insoluble. The chief 
difficulty is that azote appears to be as abundant in the tissues of 
lierbivorous as of camivorous animais, though the solid aliments of 
the former contain scarcely any azote. The opinions of chemists, as 
of Berzelius and Baspail, as to the nature of azote, do not solve the 
difficulty, as they cast no lîght upon its origin. This is one of a 
multitude of cases in which we cannot at ail explain the chemical 
composition of anatomical éléments by that of the exterior substances 
from which they are unquestionably derived. Another striking case 
is that of the constant présence of carbonate, and, yet more, plios* 
phate of lime in the bony tissue, though the nature of theaggregate 
of aliments appears to afford no room for the formation of those 
salts. This System of investigations, considered in its whole range, 
constitutes one of the most important gênerai questions that can 
arise from the chemical study of life ; and, if it is at présent hardly 
înitiated, the backwardness is owing, not only to its eminent diffi- 
culty, but to the biologists having abandoned to the chemists a task 
which, under a wise organization of labour, would hâve belonged to 
themselves alone. 

In order to effect a rational division of organic chemistry, and to 
assign its portions to chemistry on the one hand and PaHUim of 
physiology on the other, we must take our stand on Organic 
the séparation between the state of life and that of ^^'"^^'^' 
death ; or, what cornes to nearly the same thing, between th« 
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stabîlîty and înstabîlîty of the proposed combînatîons, submîited to 
the influence of common agents. Among the compounds indis- 
crîmînatelj called organîc, some owe their existence only to vital 
motion ; they exhibit perpétuai variations, and usually constituto 
mère mixtures : and thèse cannot beTong to chemistry, but must 
enter into the domain of biology, — statîcal or dynamical, according 
as we study their fixed condition, or the vital succession of their 
regular changes. Such, for instance, are blood, lymph, fat, etc. 
The others, which form the more immédiate prînciples of thèse, aie 
substances essentially dead, admitting of a remarkable permanence, 
and presentîng ail the characters of true combinations, independent 
of life : their natural place is evidently, in the gênerai System of 
chemical science, among the substances of inorganic origin, from 
which they diflfer in no important respect. Of thèse, the organic 
acids, alcohol, albumen, etc., are examples. Thèse are the substances 
which truly belong to organic chemistry ; and no reason exista for 
their séparation from analogous inorganic substances, even if no 
înjury was doue by such an arbîtrary division ; and there îs more 
reason for gîving the title of organic to them than to the theory 
of oxygen, hydrogen, carbon, and azote, or to the study of mauy 
other substances, acid, alkaline, saline, etc., without which chemical 
anatomy and physîology would be unintelligible. As for chemical 
phenomena truly common to ail compounds of this class, in consé- 
quence of the necessary identity of their chief éléments, it is cer- 
tainly important to assign to them their précise relations. Tlie 
most important of thèse phenomena relate, at présent, to the inter- 
esting and very imperfect theory of the différent kinds of fermenta- 
tion. But the considération of thèse properties does not constitute 
a différent order from that which results from the same ground in 
the case of many other compounds, purely inorganic. The property 
of fermentation, however important, bas not a hîgher scientific 
value than that of burning, and lias no more right to an exclusive 
«lassification. It is admitted that too much was attributed to com- 
bustion formerly, in regard to inorganic substances ; and we may 
be attributing too much now to fermentation, or any other common 
property, among so-called organic bodies. We cannot yet assign 
their proper place to thèse compounds in the rational System of 
chemical science ; but we are able to afBrm that, in that System, 
they must be more or less separated from each other, and interposed 
among substances called inorganic. Nothing more than this is 
needed to settle the question of the maintenance or the suppression 
of organîc chemistry as a distinct body of doctrine. In applying 
the principle which 1 bave proposed, to ascertain to which science 
any question belongs, it is enough to inquire whether chemical 
knowledge will serve the purposes of the research, or whetlier 
any biologîcal considérations enter into it. The proposing such an 
;filternative is, in fact, making the, classification* 
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It îs not our business to treat of any spécial application of this 
prîncîple ; but it is désirable to point out that in tnis partition of 
organic chemistry, its two portions are very unequally divided — 
the study of vegetable substances contrîbutîng most to chemistry, 
and that of animal substances to biology. At the first glance, we 
mîght suppose the différence to be the other way ; for the impor- 
tance of chemîcal considérations is really much greater with regard 
to living vegetables than animais, whose chemical functions are^^ 
except among the lowest orders of the zoological hierarchy, subor- 
(linated to a superior order of new vital actions. Yet, in vîrtue of 
the higher degree of vital élaboration that matter undergoes in the 
animal than in the vegetable organism, the chemical part of animal 
physiology présents a much greater extent and complexity than the 
vegetable, in which, for instance, the whole séries of the phenomena 
of digestion is absent, and in which assimilation and sécrétion are 
much simplified. But, on account of the superior élaboration, and 
of the greater number of éléments, animal substances are much less 
stable than vegetable : they rarely remain separate from the organ- 
ism ; and, at the same time, the new immédiate prînciples proper 
to them are so few that their very existence bas been questîoned. 
Végétation îs evîdently the chief source of true organic compounds, 
which are derived thence by the animal organism, and modified by 
it, either through their mutual combinations or new external influ- 
ences, ïhus, the true domain of chemical science must necessarily 
be more extended by the study of vegetable than by that of animal 
substances. 

Enough bas been said about the necessîty of subjectîng organic 
compounds to the law of dualism ; but there is a particular aspect, 
under which the importance of this conception in improving 
chemical théories is worth a brief notice. 

In considering substances as ternaty or quaternary, their multi- 
plicity is accounted for only by the différence in the . r «on 
proportions of their constituent éléments, — their ofduaiwm 
component princîples being identical. Very great to organic 
différences are sometimes explained by înequalities ^^"^^^ • 
of proportion so small as to shock the spirit of chemical analysis 
and in other cases, the proportions being the same, the différences 
remain unaccounted for; — ^as, for instance, in the cases of sugar and 
gum, in which we find the same éléments, combined in the same 
proportions. If we extend dualism to organic compounds, this class 
of anomalies disappears ; for the distinction between immédiate 
and elementary analysis enables us to résolve by dualism, in the 
raost natural manner, the gênerai paradox of the real diversity of 
two substances composed of the same éléments, in the same propor- 
tions. In fact, thèse substances, identical in their elementary, 
would differ in the immédiate analysis, as we may understand from 
what was offered in my chapter on the law of definite proportions. 
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In another connection, chemists hâve remarked the possibQily of 
exactiy representing the numerical composition of alcohol or ether, 
etc., according to several bînarj formulas, radically distinct from 
each other, and yet finally équivalent with regard to the elementary 
analysis. Now, if snch fictitious combinations should ever be 
i-ealized, they wonid produce highly distinct substances, which 
might differ much in the aggregate of their chemical properties, 
nnd yet coincide by their elementary composition. It is only 
necessary to transfer the same spirit into the study of organic com- 
binatioDs, by the establishment of a universal dualism, to dissipate 
ail thèse anomalies: and the l'esource may thus be happily prepared, 
before the cases of isomerism (as Berzelius calls thîs fact) bave 
become very numerous. 

We hâve now seen how heterogeneous îs the body of doctrine 

Samtnarp of included undcr the name of organic chemistry ; how 

the ehapter. ^ should be divîded ; what is the duty of physiologisls 

with regard to their share of it ; and how the extension of dualism 

will establish a natural agreement between the composition of 

substances and their collective chaiacters. 

With regard to Chemistry at large, I hâve poînted out the true 
Summarf of spirit of the scieuce, under a philosophical view of its 
the Book, présent aspects, and of the indispensable conditions 
of its advancemeni We do ZK)t want new materials so much as 
the rational disposition of the détails which aiready abound : and I 
hâve offered two prominent ideas, in my survey of chemical phi- 
losophy ; the fusion of ail genuinely chemical studies into one body 
of homogeneous doctrine ; and the réduction of ail combinations to 
the indispensable conception of a dualism always optional. Thèse 
two conditions, distinct but connected, bave been presented as 
necessary to the deônite constitution of chemical science. The 
application of such a conception to the only part of chemical 
research which yet exhibits anything of a positive rationality has 
removed ail doubt about its gênerai fitness, by showing its spon- 
taneous aptitude to résolve the anomalies of numerical chemistry. 

With this division closes our survey of the whole of natui-al 
philosophy that relates to universal or inorganic phenomena. la 
the order of phenomena to which we next proceed, there is at once 
much more complexity, and much less established order. The 
study of them is scarcely yet organized ; and yet, out of the 
speciality of the phenomena arises the most indispensable part of 
natural philosophy, — that of which Man is ûrst the chief object, 
and then Society. 
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BIOLOGY. 



CHAPTER I. 



GENERAL VIEW OF BIOLOGY. 



The study of the external world and of Mari is thô eternal business 
of philosophy ; and there are two methods of pro- opposite 
ceeding ; by passîng from the study of Man to that staHing- 
of external nature, or from the study of external nature î^^^^oMy 
to that of Man. Whenever philosophy shall be per- 
fect, the two methods will be reconciled : meantime, the contrast of 
the two distinguishes the opposite philosophîes, — the theological and 
the positive. We shall see hereafter that ail theological and meta 
physical philosophy proceeds to explain the phenomena of the 
external world from the stârting-point of our conscîousnessof human 
phenomena ; whereas, the positive philosophy subordinates the con- 
oeption of Man to that of the external world. Ail the multitude of 
incompatibilities between the two philosophîes proceed from this 
radical opposition. If tlie considération of Man is to prevail over 
that of the universe, ail phenomena are inevitably attributed to 
iviïly — ^first natural, and then outside of nature; and this consti tûtes 
the theological System. On the contrary, the direct study of the 
universe suggests and develops the great idea of the laws of nature, 
which is the basis of ail positive philosophy, and capable of exten- 
sion to the whole of phenomena, including at last those of Man and 
Society. The one point of agreement among ail schools of theology 
and metaphysics, which otherwise differ without limit, is that they 
regard the study of Man as primary, and that of the universe as 
secondary, — usually neglecting the latter entirely. Whereas, the 
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most marbed characteristic of the positive scliool îs that it foands 
tlie study of Man on the prîor knowledge of the external wovld. 
This considération affeets physiology farther than by its bearing 
startinç-point on its encyclopedical rank. In this one case the 
of Phytioioffp, character of the science is affected by it. The basîs 
of its positivity is its subordination to the knowledge of the external 
world. Any multitude of facts, however well analysed, is useless as 
long as the old method of philosophizing is persisted in, and physi- 
ology is conceived of as a direct study, isolated from that of îuert 
nature. The study has assumed a scientîfic character only since 
the récent period when vital phenomena began to be regarded as 
pubject to gênerai laws, of which they exhibit only simple modifica- 
tions. This révolution is now in-eversible, however incomplète and 
however imperfect bave been the attempts to establish the positive 
character of our knowledge of the most complex and indivîdual of 
physiological phenomena ; especially that of the nerves and brain. 
ïet, unquçstionable as is the bàsis of the science, its culture is at 
présent too like that to which men hâve been always accustomed, 
pursued independently of mathematical and inorganic philosophy, 
which are the only solid foundations of the positivity of vital 
studies. 

There is no science wîth regard to which ît is so necessary to 
ascertain its true nature and scope ; because we hâve not only to 
assign its place in the scale, but to assert its origînality. On the 
one hand, metaphysics strives to retain it ; and on the other, the 
inorganic philosophy lays hold of it, to make it a mère outlying 
portion of its scientific domain. For more than a century, during 
which biology has endeavoured to take its place in the hierarchy of 
fundamental sciences, it has been bandied between metaphysics and 
physics ; and the strife can be ended only by the décision of positive 
philosophy, as to what position shall be occupied by the study of 
living bodies. 

The présent backwardness of the science is explained by the 
JtApresent extrême complexity of its phenomena, and its récent 
imperfection, (j^te. That complexity forbids the hope that biologi- 
cal science can ever attain a perfection comparable to that of the 
more simple and gênerai parts of natural philosophy : and, from its 
récent date, minds which see in every other province the folly of 
looking for first causes and modes of production of phenomena, 
still carry thèse notions into the study of living bodies. For more 
than a century intelligent students hâve in physics put aside the 
search after the mystery of weight, and hâve looked only for its 
laws ; yet they reproach physiology with teaching us nothing of the 
nature of life, consciousness, and thought. It is easy to see how 
physiology may thus be supposed to be far more imperfect than it 
is ; and if it be, from unavoidable circumstances, more backward 
than the other fundamental sciences, it yet includes some infinitely 
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valuable conceptions, and îts scîeniific character îs far less înferîor 
than is commonlj supposed. 

We must first describe its domain. 

There îs no doubt that the graduai development of human intelli- 
gence would, în course of time, lead us over f rom the ^ 
iheologîcal and metaphysical stete to the positive by a 
séries of logîcal conceptions. But such an ad vance would be extremely 
slow ; and we see, in fact, that the process îs much quickened by a 
spécial stimulus of one sort or another. Our historical expérience, 
which testifies to every great advance having been made în this way, 
shows that the most common auxiliary influence is the need of applica- 
tion of tlie science in question. Most philosophers hâve said that 
every science springs from a corresponding art ; — a maxim which, 
amîdst much exaggeratîon, contains solid truth, if we restrict it, as we 
ought, to the séparation of each science from the theologîcal and meta- 
physical philosophy which was the natural product of Bdatian to 
early human intell igence. In this view ît is true that a ^edidne. 
jdouble action has led to the institution of science, the arts furnîshîng 
positive data, and then leading spéculative lesearches in the direc- 
tion of real and accessible questions. But there is another side to 
this view. When the science has once reached a certain degree of 
extension, the progress of spéculative knowledge is checked by a too 
close connection of theory with practice. Our power of spéculation, 
limited as it is, still far surpasses our capacity for action : so that 
it would be radically absurd to restrict the progress of the one to 
that of the other. The rational domains of science and art are, in 
gênerai, perfectly distinct, though philosophically connected : in the 
one we learn to know, and therefore to foreknow ; in the other to 
become capable, and therefore to act. If science springs from art, 
it can be matured only when it has left art behînd. This is pal- 
pably true with regard to the sciences whose character is clearly 
recognized. Archimedes was, no doubt, deeply aware of it when 
he apologîzed to posterity for having for the moment applied his 
genius to practical inventions. In the case of mathematics and 
astronomy we hâve almost lost sight of this truth, from the remote- 
ness of their formation ; but, in the case of physics and of 
chemistry, at whose scientific birth we may almost be said to hâve 
been présent, we can ourselves testify to their dependence on the 
arts at the outset, and to the rapidity of their progress after their 
séparation from them. The first séries of chemical facts were fur- 
nished by the labours of art ; but the prodigious récent develop- 
ment of the science is certainly due, for the most part, to the 
spéculative character that it has assumed. 

Thèse considérations are eminently applicable to physîology. 
No other science has been closely connected with a corresponding 
art, as biology has with médical art, — a fact accounted for by the 
high împorUmce of the art and the complexity of the science. But 
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for the grow'mg needs of practical medicine, and tlie indications !t 
afFords about the chief vital phenomena, physiology would hâve 
probably stopped short at tliose academical dissertations, half 
literary, half metaphysical, studded with episodical adomments, 
which constituted what was called the science little more thana 
century ago. ïhe tinae however bas arrived when biology must, 
like the other sciences, make a fresh start in a parely spéculative 
direction, free f iDni ail entanglement with médical or any other art 
And when this science and the others shall bave attained an 
abstract completeness, then will arise the further duty, as I hâve 
indicated before, of Connecting the System of the arts with that oE 
the sciences by an intermediate order of rational conceptions. 
Meanwhile such an opération would be prématuré, because the 
System of the sciences is not completely formed ; and, with regard 
to physiology especially, the first necessity is to separate ît from 
medicine, in order to secure the originality of its scientific oharacter, 
by constituting organic science as a conséquence of inorganic. 
Since the time of Haller this process bas gone on ; but with ex^ 
treme uncertainty and imperfection ; so that even now the science 
is, with a few valuable exceptions, committed to physicians, wbo 
are rendered unfit for such a charge both by the eminent impor- 
tance of their proper business, and by the profound imperfection 
of their existing éducation. Physiology îs the only science whicli 
is not taken possession of by minds exclusively devoted to it It 
bas not even a regularly assigned place in the best instituted scien- 
tific corporations This state of things cannot last, the importance 
and diffîculty of the science being considered« If we would not 
confide the study of astronomy to navigators, we shall not leave 
physiology to the leisure of physicians. Such an organization as 
this is a sufficient évidence of the prévalent confusion of ideas about 
physiological science; and when its pursuit bas been dnly pro- 
vided for, that reaction for the benefit of art will ensue which 
should put to flight ail the fears of the timid about the sépar- 
ation of theory from practice.. We bave seen before how the 
loftiest truths of science concur to put us in possession of an art; 
and the vérification of this truth, which physics and chemîstiy 
bave afforded before our eyes, will be repeated in the case of physi- 
ology when the science bas advanced as far. 

Having provided for a spéculative vîew of physiology, we must 
lu ob'eeL ^^^^^^ i^^to its object ; and, as the vital laws consti- 
tute the essential subject of biology, we must b^n 
by analysing the fundamental idea of li/e, 

Before the time of Bicliat, this idea was wrapped in a mist of 

idtaofLife. ^^^p'^j^ical abstractions ; and Bichat himself, afler 

having perceived that a définition of life could be 

lounded on nothing else than a gênerai view of phenomena proper 

to living bodies, so far fell under the influence of the old philosophy 



IDEA OF LIFE. 299 

^s to call lîfe a struggle between dead nature and livîng nature. 
The îrrationalîty of thîs conception consista especially in îts sup- 
pressîng one of the two éléments whose concurrence is necessary to 
the gênerai idea of life. Thîs idea supposes, not only a being so 
organized as to admit of the vital state^ but such an arrangement of 
external influences as will also admit of ît. The harmony between 
the living being and the corresponding Tmdium (as I shall call its 
environment) evidently characterizes the fundamental condition of 
life; whereas, on Bîchat's supposition, the whole environment of 
living beings tends to destroy them. If certain perturbations of 
Ihe médium occasionally destroy life, its influence is, on the wholç, 
preservative ; and the causes of injury and death proceed at least as 
often from necessary and spontaneous modifications of the organism 
as from external influences. Moreover, one of the main distinctions 
between the organic and the inorganic régions is that inorganic 
phenomena, from their greater simplîcity and generality are pro- 
duced under almost any external influences which admit of their 
existence at ail ; while organic bodies are, from their complexity, 
and the variety of actions al ways proceeding, very closely dépendent 
on the influences around them. And the higher we ascend in the 
ranks of organic bodies, the doser is this dependence, in proportion 
to the diversity of functions ; though, as we must bear in mind, the 
power of the organism in modifying the influences of the médium 
rises in proportion. The existence of the being then requires a 
more çomplex aggregate of exterior circumstances ; but it is com- 
patible with wider limits of variation in each influence taken by 
itself. In the lowest rank of the organic hierarchy, for instance, 
we flnd vegetables and fixed animais which bave no efFect on the 
médium in which they exist, and which would therefore perish by 
the slîghtest changes in it, but for the very small number of 
distinct exterior actions required by their life. At the other extremity 
we flnd Man, who can live only by the concurrence of the most 
complex exterior conditions, atmospherical and terrestrîal, under 
varions physical and chemical aspects ; but, by an indispensable 
compensation, he can endure, in ail thèse conditions, much wider 
différences than înferîor organisms could support because he has 
a superior power of reacting on the surrounding System. However 
great this power, it is as contradictory to Bichat's view as his depend- 
ence on the exterior world. But this notion of Man's independence 
of exterior nature, and antagonism to it, was natural in Bichat's 
case, when physiological considérations bore no relation to any 
hierarchy of organisms, and when Man was studied as an isolated 
existence. However, the radical vice of such a starting-point for 
such a study could not but impair the whole System of Bichat's 
physiological conceptions ; and we shall see how seriously the effects 
hâve made themselves felt. 
Next ensued the abuse by philosophers, and especially in Germany, 
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of tlie beneflts dîsclosed by comparative anatomy. They general- 
ized extravagantly the abstract notioa of life yielded by the stady of 
the aggregate of organized beings, making the idea of life exactl/ 
équivalent to that of spontaneous activity. As ail natural bodies 
are active, in some manner and degree, no distinct notion coald be 
attached to the term ; and this abuse must evidently lead us back 
to the ancient confusion, which arose from attributing life to ail 
bodies. The inconvenience of having two terms to indicate a single 
gênerai idea should teach us that, to prevent scientific questions 
from degeneratin^ into a contest of words, we must carefully restrict 
the term life to the only really living beings, — ^that is, those which 
are organized, — and not give it a meaning which would include ail 
possible organisms, and ail their modes of vital ity. In this case, as 
in ail primitive questions, the philosophers would bave donc wisely 
to respect the rough but judicious indications of popular good sensé, 
which will ever be the true starting-poiût o£ ail wise scientific 
fipeculation. 

I know of no other successful attempt to define life than that of 
De BiainviUe's M. de Blainville, proposed in the introduction to his 
d^nition. trcatisc on Comparative Anatomy. He characterîzcs 
life as the double interior motion, gênerai and continuous, of composi- 
tion and décomposition, which in fact constitutes its true universal 
nature. I do not see that this leaves anything to be desired, unless 
it be a more direct and explîcit indication of the two corrélative 
conditions of a determinate organism and a suitable médium» This 
criticismhowever applies rather to the formula than to the conception ; 
and the conditions are implied in the conception, — the conditions 
of an organism to sustain the rénovation, and a médium to minister 
to the absorption and exhalation ; yet it might hâve been better to 
express them. With this modification, the définition is unexcep- 
tionable, — enuncîating the one phenomenon which is common to ail 
living beings, and excluding ail inert bodies. Hère we hâve, in my 
view, the first elementary basîs of true biologîcal philosophy. 

It is true, this définition neglects the emînent distinction between 
the organic and the animal life, and relates solely to the végétative 
life ; and it appears to violate the gênerai principle of définitions, — 
that they should exhibit a phenomenon in the case in which it is 
most, and not in that in which it is least developed. But the pro- 
posed définition is shown by thèse very objections, to rest upon a 
due estimate of the whole biological hierarchy : for the animal life 
is simply a complementary advancement upon the organic or funda- 
mental life, adapted to procure materials for it by reaction upon the 
external world, and to prépare or facilitate its acts by sensations, 
locomotion, etc., and to préserve it from unfavourable influences. 
The higher animais, and Man especîally, are the only ones in which 
this relation is totally subverted, — the végétative life being destined 
to support the animal, which is erected into the chief end and pre- 
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pondérant character of organîc existence. But în Man Iiimself, 
this admirable inversion of the usual order becomes compréhensible 
only by the aid of a remarkable development of intelligence and 
sociality, which tends more and more to transform the species 
artificially into a single individual, immense and eternal, endowed 
with a constantly progressive action upon external nature. This is 
the only just view to take of this subordination of the végétative to 
the animal life, as the idéal type towards which civilized humanity 
încessantly tends, though it can never be fully realized. We shall 
hereafter show how this conception îs related to the new funda- 
mental science which I propose to constitute : but în pure bîology, 
the view is unscientific, and can only lead us astray. It is not with 
the essential properties of humanity that biology is concerned ; but 
with the individual in his relation to other orgnnic beings; and it 
mnst therefore rigorously maintain the conception of animal life 
being subordinated to the végétative, as a gênerai law of the organic 
realm and the only apparent exception to which forms the spécial 
object of a wholly différent fundamental scienca It should be 
added that, even where the animal life is the most developed, the 
organic life, besides being the basis and the end,, remains common 
to ail the tissues, while, at the same time, it alone proceeds in a 
necessarily continuons manner, — the animal life, on the contrary, 
being intermittent. Thèse are the grounds ou which M. de 
Blainville's définition of life must be confirmed, while, nevertheless, 
we may regard the considération of animality, and even of humanity, 
as the most important object of biology. 

This analysis of the phenomenon of life will help us to a clear 
définition of the science which relates to it. We Définition of 
hâve seen that the idea of life supposes the mutual Bî^aogy. 
relation of two indispensable éléments, — an organism, and a suitable 
médium or environment. It is from the reciprocal action of thèse 
two éléments that ail the vital phenomena proceed ; — not only the 
animal, but also the organic. It immediately follows that the 
great problem of positive biology consists in establishing, in the 
most gênerai and simple manner, a scientific harmony between 
thèse two inséparable powers of the vital conflict, and the act which 
constitutes that conflict: in a word, in Connecting, in both a 
gênerai and spécial manner, the double idea of organ and médium 
with that of f unction. The idea of function is, in fact, as double as 
the other ; and, if we were treating ôf the natural history of vital 
beings, we must expressly consider it so : for, by the law of the 
équivalence of action and reaction, the organism must act on the 
médium as much as the médium on the organism. In treating of the. 
human being, and especially in the social state, it would be necessary 
to use the term functicm in this larger sensé : but at présent there 
wijl be little înconvenience în adopting it in îts ordinary sensé, 
fiignifying organic acts, independently of their exterior conséquences. 
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Biology, then, may be regardéd as having for îts object the Con- 
necting, in each determinate case, the anatomical and the physiological 
point of view; or, în other words, the statical and dynamical. ïhis 
perpétuai relation constitutes its true philosophical character. Placed 
in a given system of exterior circumstances, a definite organism must 
always act in a necessarily determinate manner; and, inversely, the 
same action could not be precisely produced by really distinct 
organisms. We may then conclude interchangeably, the act from 
the subject, or the agent from the act. The sarrounding system 
being always supposed to be known, according to the other fonda- 
mental sciences, the double biological problem may be laid dowa 
thus, in the most mathematîcal foim, and in gênerai terms: Givmy 
tlie organ or tyrganic modification^ to find the function or the ad; 
and reciprocaUt/. This définition seems to me to fulfil the chief 
philosophical conditions of the science ; and especially it provides 
for that rational prévision, which, as bas been so often said, is the 
end of ail true science ; an end which abides througb ail the degrees 
of impei*fection which, in any science, at présent pre vents its attaio- 
ment. It is eminently important to keep this end in view in a 
science so intricate as this, in whicb the multitude of détails tempts 
to a fatal dispersion of efforts upon desultory researches. No one 
disputes that the most perfect portions of the science are those in 
whicb prévision bas been best realized; and tbis is a sufficient 
justification of the proposai of this aim, whether or not it shall ever 
be fuUy attained. My définition exclndes tbe old division between 
anatomy and physiology, because I believe that division to hâve 
marked a very early stage of the science, and to be no longer 
sustainable. It was by the simple and easy considérations of 
anatomy that the old metaphysical view was discredited, and posi- 
tivity first introduced into biology: but that service once accom- 
plished, no reason remains for the séparation ; and the division, io 
lact, is growing fainter every day. 

Not only does my définition abstain from separating anatomy 
from physiology ; it joins to it another essential part, the nature of 
which is little known. If the idea of life is really inséparable from 
that of organization, neither can be severed, as we bave seen, from 
tbat of a médium or environment, in a determinate relation with 
them. Hence arises a third elementary aspect ; viz», the gênerai 
theory of organîc média, and of their action upon the organism, 
abstractedly regardéd. ïhis is what the German pbilosophers of 
our day confusedly asserted in their notion of an intermedlate realm, 
— of air and water, — uniting the inorganic and organio worlds : and 
this is what M. de Blainville had in view in what he called the 
study of exterior modifiers, gênerai and spécial. Unhappily, this 
portion which, after anatomy proper, is the most indispensable 
prelimînary of biology, is still so obscure and imperfect that fjîw 
physiolpgists even suspect its existence. 
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The définition that I hâve proposed aîds us în descrîbîng not 
only the object or nature of the science, but its subject, or domain : 
for, according to this formula, it is not în a single organîsm, but in 
ail known, and even possible organisms, that biology must endea- 
vour to establish a constant and necessaiy harmony between the 
anatomical point of vîew and the physîological: This unity of 
subject is one of the chief philosophical beauties of biology ; and, 
in order to maintaîn it, we must hère avow that, in the midst of an 
almost infinité diversity, the study of man must always prevaîl, 
and rule ail the rest, whether as staiting-point or aim. Our hope, 
in studying other organisms, is to arrive at a more exact knowledge 
of Man : and again, the idea of Man is the only possible standard 
to which we can refer other organic Systems. In this sensé, and in 
this only, can the point of view of the antiquated philosophy be 
sustained by the deeper philosophy which is taking its place. Sucli 
is, then, the necessary consolidation of ail the parts of biological 
science, notwithstanding the imposing vastness of its rational 
domain. 

As for the means of investigation in this science, — ^the first 
observation that occurs is that it affbrds a striking utant ofin- 
confirmation of the philosophical law before laid vestigaHûn. 
down, of the inévitable increase of our scîentific resources in pro- 
portion to the complication of the phenomena in question. If 
biological phenomena are incomparably more complex thau those 
of any preceding science, the study of them admits of the most 
extensive assemblage of intellectual means (many of them new) 
and develops human faculties hitherto inactive, or known only 
in a rudimentary state. The logical resources which are thus 
obtained will be exhibited hereafter. At présent, we must notice 
the means of direct exploration and analysis of phenomena in this 
science. 

First, Observation aoquires a new extension. Chemistry ad- 
mitted the use of ail the five sensés ; but biology is, ^ 
in this respect, an advance upon chemistry. We ^ ^^* 

can hère employ an artiôcial apparatus to perfect the natural sen- 
sations, and especially in the case of sight Much needing précau- 
tion in the use, and very subject to abuse, as is this resource, it 
will always be eagerly employeà. In a statical view, ArtijUwii 
such an apparatus helps us to a much better estimate O'Ppoa-aXm. 
of a structure whose least perceptible détails may acquire a primary 
importance, in varions relations : and, even in the dynamical view, 
though much less favourable, we are sometimes enabled by thèse arti- 
ficial means to observe directly the elementary play of the smaÛest 
organic parts, which are the ordinary basis of the principal vital 
phenomena. Till receutly, thèse aids were limited to the sensé of 
sight, which hère, as everywhere else, is the chief agent of scientific 
observation. But souie instruments hâve been devised in our day 
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to assîst the hearîng ; and, though inveoted for pathologlcal inves- 
tigations, they are equally fit for the study of the healthy organism. 
Though rough at présent, and not to be eompared to microscopic 
apparatus, thèse instruments indicate the improvements that may 
be made hereafter in artificial hearîng. Moreover, they suggest, 
by analogy, that the other sensés, not exceptîng even touch, may 
admit of such assistance, hinted to the restless sagacity of explorers 
by a better theory of the corresponding sensations. 

Next, the biologist lias an ad vanta ge over the chemist in being 
Chemical able to employ the whole of chemical procédures, as 
exploration, a gort of new power, to perfect the pi*eliminary ex- 
ploration of the subject of his researches, according to the évident 
rule of philosophy that each doctrine may be converted into a 
method with regard to those that follow it in the scientific hierarchy ; 
but never with regard to those which précède it. In anatomical 
observations, especially, as might be foreseen, a happy use is made 
of chemical procédure, to characterizc with précision the diflfer- 
ent elementary tissues, and the chief products of the organisme lu 
physiological observations also, though they are less favourable 
to the use of such means, they are of real and notable efficacy, 
— ^always suppôsing, in both cases, that they are used under the 
guidance of sound philosophy, and not overcharged with the 
minute numerical détails which too often burden the chemical 
analyses of the organic tissues. One more resource may be men- 
tioned, which was often employed by Bichat to make up for the 
absence or imperfection of chemical tests; the examination of 
alimentary effects, — the substances which immediately compose 
organized bodies being, usually, by their nature, more or less fit 
for nutrition. In an anatomical view, tins study may become a 
iiseful complément of the other means of investigation. 
Proceeding to the second class of means, — Experiment cannot 
but be less and less décisive, in proportion to the com- 
xpEBiMBNT. pjç^ji^y q£ ^Jjq phenomcua to be explored : and there- 

fore we saw this resource to be less effectuai in chemistry than in 
physics ; and we now find that it is eminently useful in chemistry 
in comparison with physiology. In fact, the nature of the pheno- 
mena seems to ofFer almost insurmountable impediments to any 
extensive and prolific application of such a procédure in biology. 
Thèse phenomena require the concuiTence of so large a number of 
distinct influences, external and internai, which, however diverse, 
are closely connected with each other, and yet within narrow limits, 
that, however easy it may be to disturb or suspend the process under 
notice, it is beyond measure diflScult to efiect a deteiminate pertur- 
bation. If too powerful, it would obviate the phenomenon : if too 
feeble, it would not sufficiently mark the artificial case. And, on 
the other hand, though intended and directed to modify one only 
of the phenomena, it must presently affect several others, in virtue 
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61 tlicir mutual sympathj. ' Thus^'it requiresahighly philosophical 
Rpirit, acting wiih extrême circumspection, to cooduct phjsiological 
experiraents at ail ; and it is no wonder if such experinieuts hare, 
wîth a few happj exceptions, raised sdentific difficulties greater 
than tbose proposed to be s»lFed, — to say nothing of those innumer- 
able expcriments which, having no definite aim, hâve menely encum- 
bered the science with idie and unconnected détails. 

In accordance with what has been said of the mutual relations of 
Ibe organisai and its environment, we must bear in mind that ex- 
pcriments in pbysiology mnst be of two kinds. We mnst introduce 
determinate perturbations into the médium as well as the oi^nism ; 
whereas the latter prooess has alone been commonlv attempted. If 
it is objected that the oiganism must itself be dis- b^ afftctiwg 
tnrbed by such affection of the médium, the answer **« wvo«i»«- 
is that the study of this reaction is itself a part of the experiment. 
It shonld be remarked that expérimentation on the organism is 
much the less rational of the two methods, because the conditions 
of experiment are much less eastly f ulfilled. The first ruie, that the 
change introduced shall be fully compatible with the existence of the 
phenomenon to be obserYcd, is rendered often impracticable by the 
incompatibility of life with much altération of the organs : and the 
second rule, — ^that the two compared cases shall differ under only 
one point of view, — is baffled by the mutual sympathy of the organs, 
which is very différent from their harmony with their environment 
la both lights, nothing can be imagined more futile in the way of 
experiment than the practice.of vivisection, which is the commonest 
of ail. Setting asîde the considération of the cruelty, the levity, 
and the bad moral stimulus involved in the case, it must be pro- 
nounced absurd ; for any positive solution is rendered impossible 
by the induced death of a System eminently indivisible, and the 
universal disturbance of the organism under its approach. 

The second class of physiological experiments appears to me 
much more promising ; — that in which the System of By aitcang 
exterior circumstances is modified for a determinate **^ rMdium, 
purpose. Scarcely anything has been done in this dii-ection beyond 
some incomplète researches into the action of artificial atmosphères, 
and the comparative influence of différent kinds of alimentation. 
We are hère better able to circumscribe; with scientific précision, 
the aiiiâcial perturbation we produce ; we can control the action 
npon the organism, so that tlie gênerai disturbance of the System 
may affect the observation very slightly ; and we can suspend the 
process at pleasure, so as to allow the restoration of the normal 
state before the organism has undergone any irréparable change. 
It is easy to see how favourable, in comparison, thèse conditions are 
to rational induction. Aud to thèse considérations may be added 
the one more, that under this method we can observe varying states 
in one individual ; whereas, under the practice of vivisection, we 
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liave to observe thé normal state în one îndivîdual, and the artîGcIal 
in another. Thus we are justified in our satisfaction that the leàst 
violent method of expérimentation is the most instnictive. 

As to the application of experiment in the varions degrees of 
Comparative the biological scale ; — it is easiest in the lower order 
experiment, of organisms, because their organs are sirapler and 
fewer, their mutual sympathy is less, and their environment is 
more defiuîte and less complex; and thèse advantages, in my 
opinion, more than compensate for the restriction of the field of ex- 
periment. It is trne,.we are i*emote from the human type, which is 
the f undamental unity of biology; and our judgment is thus impaired, 
especially with regard to the phenomena of animal life : but, oq the 
other hand, we are ail the nearer to the scientific constitution proper 
to inorganic physics, which I consîder to be the ultimate destination 
of the art of experiment. The advantages at the other end of the 
scale are that the higher the organism, the more is it susceptible of 
modification, both from its own complexity and from the greater 
variety of external influences involved ; — every advantage bringing 
with ifc, as we hâve seen, an increase of diflîculty. 

No one will suppose, I trust, that from anything I hâve said I 
hâve the slightest désire to undervalue the use of experiment in 
biology, or to slight sucli achievements as Harvey's experiments 
on circulation ; Haller's on irritability ; part of Bpallanzani's 
on digestion and génération ; Bichat's on the triple harmony 
between the heart, the brain, and the lungs in the superior 
animais ; those of Legallois on anim9,l beat ; and many analogous 
eflbrts which, seeing the vast difïiculty of the subject, may rival the 
most perfect investigations in physics. My object is sîraply to 
rectify the false or exaggerated notions of the capacity of the expéri- 
mental method, misled by its apparent facility to suppose it the best 
method of physiological research ; which it is not. One considéra^ 
tion remains in this connection; the considération of the hîgh 
scientific destination of pathological investigation, regarded as 
offering, în biology, the real équivalent of expérimentation, properly 
so called. 

Precisely în the case în which artificîal exi)erimentation is the 
Pathological most difficult, nature fulfils the conditions for us; 
Investigation, an(j [\^ would surely be mistaking the means for the 
end to insist on introducing înto the organism perturbations of our 
own devîsing, when we may find them taking place without that 
additional confusion which is caused by the use of artificial methods. 
Physiological phenomena lend themselves remarkably to that spon- 
taneous expérimentation which results from a comparison of the 
normal and abnormal states of the organism. The state of disease 
îs not a radically différent condition from that of health. The 
pathological condition is to the physiologicalsimply a prolongation 
of the limits of variation, higher or lower, proper to each phenomenon 
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of the normal organîsm ; and ît can nevcr produce âny entirely new 
phenomenon. Therefore, the accurate idea of the physîological stata 
is the indispensable ground of any sound pathologîcal theory ; and 
therefore, again, must the scientific study or pathologîcal phenomena 
be the best way to perfect ôur investigations into the normal state. 
The graduai invasion of a malady, and the slow passage from an 
alnriost natural condition to one of fuUy marked disease, are far from 
beîng useless prelimînaries, got rid of by the abrupt introduction of 
what may be called the violent malady of direct experiment : they 
ofifer, on the contrary, inestimable materials to the biologîst able to 
put them to use. And so it is also in the happy converse case, of 
the return, spontaneous or contrived, tohealth, which présents a sort 
of vérification of the primitive analysis. Moreover, the direct exami- 
nation of the chief phenomenon is not obscured, but much elucidated, 
by this natural process. And again, it may be applied directly 
to Man himself, without préjudice to the pathology of animais, and 
even of vegetables. We may enjoy our power of turning our 
disasters to the profit of our race : and we cannot but déplore the 
mîsfortune that our great médical establishments are so constituted 
as that little rational instruction is obtained from them, for want of 
complète observations and duly prepared observers. 

Hère, as elsewhere, the distinction holds of the phenomena be- 
longing to the organism or to the médium ; and hère, as before, we 
find the maladies produced from without the most accessible to in- 
quiry. Pathologîcal inquiry is also more suitable than expérimental, 
to the whole biological séries : and thus it answers well to extend 
our observations through the entire hierarchy, though our object 
may be the study of Man ; for his maladies may receive much light 
from a sound analysis of the dérangements of other organisms, — even 
the vegetable, as we shall see when we treat of the comparative 
process. 

Again, pathologîcal analysis îs applicable, not only to ail organ- 
isms, but to ail phenomena of the same organism ; whereas direct 
expérimentation is too disturbing and too abrupt to be ever applied 
with success to certain phenomena which require the most délicate 
harmony of a varied system of conditions. For instance, the obser- 
vation of the numerous maladies of the nervous System oflers us a 
spécial and inestimable means of improving our knowledge of the 
laws of intellectual and moral phenomena, imperfect as are yet our 
qualifications for using them. There remains one other means of 
knowledge under this head ; the examination of exceptional organi- 
zations, or cases of monstrosity. As might be anticipated, thèse 
organic anomalies were the last to pass over from the gaze of a 
barren curiosity to the investigation of science; but we are now 
leaming to refer them to the laws of the regular organism, and to 
subject them to pathologîcal procedares, regarding such exceptions 
as true maladies^ of a deeper and more obscure origin than others, 
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and of a more incarable nature ; — considérations wbich, of course, 
reduce their scientific value. This resource shares with pathology 
the advantage of being applicable tbrougb the whole range of the 
biological System. 

It is still necessarj to insist that, in either metbod of expérimen- 
tation, direct or indirect, artificial or natnral, tbe elementary rules 
sbould be kept in vîew ; first^ to bave a determinate aim ; that is, 
to seek to illnstmte an organic phenomenon, under a spécial aspect; 
and, secondly, to understand beforeband the normal state, and its 
limits of variation. In regard to the more advanced sciences, it 
would seem puérile to reoommend sucb maxims as tliese ; but we 
must still insist on them in biology. It is through neglect of them 
that ail the observations yet coUected on the dérangements of the 
intellectual and moral phenomena bave yielded scarcely any know- 
ledge of their laws. Thus, vrhatever may be the value of the most 
suitable metbod of expérimentation, we must ever remember that 
hère, as elsewhere, and more tban elsewhere, pure observation must 
always hold the first rank, as casting light, primarily, on the whole 
subject, which it is proposed to examine afterwards, as a spécial 
study, with a determinate view, by the metiiod of expérimentation. 

In the third place, we hâve to review the metbod of Comparison, 

^ which is So specially adapted to the study of livirig 

bodies, and by which, above ail others, that study 
must be advanced. In Astronomy, this metbod is necessarily 
inapplicable : and it is not till we arrive at Chemistry that this 
third means of investigation can be used ; and then, only in subor- 
dination to the two others. It is in the study, both statical aod 
dynamical, of living bodies, that it first acquires its fuU develop- 
ment ; and its use elsewhere can be only through its application 
hère. 

The f undamental condition of its use is the unîty of the principal 
subject, in combination with a great diversity of actual modifications. 
According to the définition of life, this combination is eminently 
realized in the study of biological phenomena, however regarded. 
The whole System of biological science is derîved, as we bave seen, 
from one great pbilosophical conception ; the neoessary correspon- 
dence between the ideas of organization and those of life. There 
cannot be a more perfect f undamental unity of subject than this ; 
and it is unnecessary to insist upon the almost indefinite variety of 
its modifications, — statical and dynamical. In a purely anatomical 
view, ail possible organisms, ail the parts of each organism, and ail 
the différent states of each, necessarily présent a common basis 
of structure and of composition, whence proceed successively the 
différent secondary organizations which constîtute tissues, organs, 
and Systems of organs, more or less complicated. In the same way, 
in a physiological view, ail living beings, from vegetable to man, 
.considered in ail the acts and periods of their existence, are endowed 
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"with a certain common vitality, whicli is a necessary basîs of the 
innumerable phenomena which characterize them in their degrees. 
Both thèse aspects présent as most important, and really funda- 
luental, what there is in common among ail the cases ; and their 
])articularities as of less conséquence ; which is in accordance with 
the great prévalent law, tliat the more gênerai phenomena overrule 
the less. Thus broad and sound is the basis of the comparative 
method, in regard to biology. 

At the first glance the immensity of the science îs overwhelmîng 
to the understanding, embracing as it does ail organic and vital 
cases, which it appears impossible ever to reduce within the com- 
pass of our knowledge : and no doubt, the discouragement hence 
nrising is one cause of the backwardness of bîolpgical philosophy. 
Yet the truth is that this very magnitude affords, not an obstacle, 
but a facility to the perfecting of the science, by means of the lumi- 
nous comparison which results from it, when once the human 
mind becomes familiar enough with the conditions of the study 
to dispose its materîals so as to illustrate eacli other. The science 
could make no real progress while Man was studied as an isolated 
subject. Man must necessarily be the type; because he is the 
most complète epîtome of the whole range of cases : Man, in hîs 
adult and normal state, is the représentative of the great scientîfic 
imity, whence the successive terms of the great biologîcal séries 
recède, till they terminate in the siraplest organizations, and the 
most imperfect modes of existence. But the science would remaîn 
in the most defective state in regard to Man himself, if it were not 
jmrsued through a perpétuai comparison, under ail possible aspects, 
of the first term with ail inferior ones, till the simplest was reached : 
and then, back again, through the successive complications which 
occur between the lowest type and the highest. ïhis is the most 
gênerai, the most certain, the most effectuai method of studying 
physîological as well as anatomical phenomena. Not only is there 
thus a greater number of cases known, but each case is much 
better understood by their approximation. This would not be the 
case, and the problem would be embarrassed instead of simplified, 
if there were not a fundamental resemblance ampng the whole séries, 
accompanied by graduai modifications, always regulated in their 
course: and this is the reason why the comparative method is 
approprîate to biology alone, of ail the sciences, excepta as we shall 
see hereafter, in social physics. 

Complète and spontaneous as this harmony really is, no philos- 
opher can contemplate without admiration the emînent art by 
which the human mind has been aided to couvert into a potent 
nieans what appeared at first to be a formidable difficulty. I know 
no stronger évidence of the force of human reason than such a 
transfoiTuation affords. And in this case, as în every other in 
which primordial scientîfic powers are concerned, it is the work 
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of the wliole race, gradually developed in the course of âges, and 
not the original product of any isolated mind, — ^liowever some 
modéras may be asserted to be the creators of comparative biology. 
Between the primitive use that Aristotle made of this method in 
the easiest cases, — ^as in comparing the structure of man^s upper 
and lower limbs, — to the most profound and abstract approxima- 
tions of existing biology, we find a very extensive séries of inter- 
mediate states, constantly progressive, among which history caa 
point out indivîdually only labours which prove what had been the 
advance in the spirit of the comparative art at the corresponding 
period, as manifested by its larger and more effectuai application. 
It is évident that the comparative method of biologists was no 
more the invention of an îndividual than the expérimental method 
of the physicists. 

Five kinds of Thcrc are five principal heads under which bio- 
compariaon. logical comparisons are to be classed. 

1. Comparîson between the différent parts of the same organism. 

2. Comparison between the sexes. 

3. Comparison between the various phases presented by the 
whole of the development. 

4. Comparison between the différent races or varieties of each 
species. 

5. Lastly, and pre-emînently, Comparison between ail the 
organisms of the biological hîerarchy. 

It must be understood that the organism is always to be sup- 
posed in a normal state. When the laws of that state are 
fully established, we may pass on to pathologîcal comparison, 
which will extend the scope of those laws : but we are not yet 
advanced enough in our knowledge of normal conditions to under- 
take anything beyond. Moreover, though comparative pathology 
would be a necessary application of biological science, it cannot 
form a part of that science, but rather belongs to the future médical 
science, of which it must form the basis. — Again, biological com- 
parîson can take place only between the organisms, and not between 
them and their médium. When sucli comparison cornes to be 
instituted, it will be, not as biological science, but as a matter 
of natural history. 

The spirit of biological comparison is the same under ail forms. 
It consists in regarding ail cases as radically analogous in respect 
to the proposed investigation, and in representing their différences 
as simple modifications of an abstract type ; so that secondary 
différences may be connected with the primary according to uniform 
laws ; thèse laws constituting the biological philosophy by which 
each determinate case is to be explained. If the question is anato- 
mical, Man, in his adult and normal state, is taken for the funda- 
mental unity, and ail other organizations as successive simplifica-^ 
:tions, descendîng from the primitive type, whose essential features 
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wîll be found in tlie remotest cases, slrîpped of àll complication. 
If the question is physiological, we seek the fundamental identity 
of the chîef phenomenon which characterîzes tlie functîon proposed, 
amidst the graduàted modifications of the séries of comparative 
084368, till we find it isolated, or nearly so, in the simplest case of 
ail ; and thence we may trace it back again, clothed in successive 
complications of secondary qualities. Thus, the theory of analo- 
gous existences, which bas been ofFered as a récent innovation, is 
only the necessary principle of the comparative method, under 
a new name. It is évident that this method must be of surpassing 
value when philosophically applied : and also that, délicate as it is, 
and requiring extrême discrimination and care in its estimate and 
lise, it may be easily converted into a hindrance and embarrassment, 
l>y gîving occasion to vicions spéculations on analogies which air 
oiily apparent. 

Of the five classes specified above, three only are so marked as ta 
require a notice hère : the comparison between the diflferent parts 
of the same organism ; between the diflferent phases of each 
development; and between the distinct terms of the great hierarchy 
of living bodies. 

The method of comparison began with the first of thèse. Look- 
îng no further than Man, no philosophical mind can ^^ aH9<m 
lielp beîng stiuck by the remarkable resemblance of^rUoT 
that hîs diflferent chief parts bear to each other in ^'*« ^^'^ 
raany respects, — both as to structure and functîon. ^^<*'***"*' 
-First, ail the tîssues, ail the apparatus, in as far as they are organ- 
ized and living, ofifer those fundamental characteristics which are 
inhérent in the very ideas of organization and life, and to which the 
lowest organisms are reduced. But, in a more spécial view, the 
analogy of the organs becomes more and more marked as that of 
the fonctions is so ; and the converse ; and this often leads to 
luminous comparisons, anatomîcal and physiological, passing from 
the one to the other, alternately.^ This original and simple method 
of comparison is by no means driven out by newer processes. It 
was thus, for instance, that Bichat, whose subject was Man only, 
and adult Man, discovered the fundamental analogy between the 
mucous and the cutaneous Systems, which bas yielded so much 
advantage to both biology and pathology. And again, with ail M. 
de Blainville's mastery of the principle of the comparative method. 
we cannot doubt the sufficiency of the analysis of the human organ- 
ism to establish the resemblance he exhibited between the skull and 
the other éléments of the vertébral column. 

A new order of resources présents itself when we compare the 
différent phases of the same organism. Its chief of phases of 
value is in its offering, on a small scale, and, as it were, Vu same or- 
under one aspect, the whole séries of the most marked ^«'***^ 
organisms of the biological hierarchy; for it is obvions that the 
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primitive state of the hîghest organîsm raust présent the essentîal 
charaeters of the complète state of the lowest ; ami thus suocessively, 
— without, however, compelling us to find the counterpart of every 
inferior term in the superior organism. Siich an analysis of âges 
unquestîonably offers the property of realîzing in an individaal 
that successive complication of organs and fonctions which charac- 
terîzes the biologîcal hierarchy, and which, in this homogeneous 
and compact form, constitutes a spécial and singular order of 
luminous comparisons. Useful through ail degrees of the scale, it 
is evidently most bo in the case of the highest type, the adult Man, 
as the interval from the origin to the utmost complexity is in that 
case the greatest It is valuable chiefly in the visible ascendant 
period of life ; for we know very little of the fœtal period ; and the 
declining stage, which is in fact only a graduai death, présents 
little scientific interest: for, if there are many ways of livîng, there 
is only one natural way of dying. ïhe rational analysis of death, 
however, has its own importance, constituting a sort of gênerai 
coroUaiy, convenient for the vérification of the whole body of 
biologîcal laws. 

ïhe popnlar notion of comparative bîology is that it consists 
Of différent wholly of the last of the methods I bave pointed ont: 
organiams. ^^nj thjg ghows how pre-cmincnt it is over the othere ; 
the popular exaggeration however being mischievous by concealing 
the origin of the art. The peculiarity of this largest application 
consists in its being founded on a very protracted comparison of a 
very extensive séries of analogous cases, in which the modification 
proceeds by almost insensible graduated declension. The two 
more restricted methods could not offer a séries of cases extensive 
enough to establîsh, withont confirmation, the nature and value of 
the comparative method, though, that point once fixed, they may 
then come into unquestionable use. As for the value of the largest 
application, it demonstrates itself. There is clearly no structure or 
f unction whose analysis may not be perfected by an examination of 
what ail organisms offer in commoii with regard to that structure 
and function, and by the simplification effected by the stripping 
away of ail accessory characteristics, till the quality sought is Ibund 
alone, from whence the process of reconstruction can begîn. It 
may even be fairly said that no anatomical arrangement, and no 
physiological phenomenon, can be really understood till the abstract 
notion of its principal élément is thus reached, by successively 
attaching to it ail secondary ideas, in the ititional order prescribed 
by their greater or less persistence in the organic séries. Such a 
method seems to me to offer, in bîology, a philosophical character 
very like mathematical analysis genuinely applied ; when it présents, 
as we bave seen, in every indefinite séries of analogous cases, the 
essentîal part which is common to ail, and which was before hidden 
nnder the secondary specialitîes of each separate case. It cannot 
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be doubted that the comparative art of bîologlsts will produce an 
équivalent resuit, up to a certain point ; and especîally, by the 
rational considération of the organic hierarchy. 

This great considération was at first established only în regard 
\o anatomy ; but ît is yet more necessary in physiology, and not 
less applicable, except from the difficulty of that kînd of observa- 
tion. In regard to physiological problems particularly, it should 
be remarked that not only ail animal organisms, but the vegetable 
also, should be încluded în the comparison. Many important 
phenomena, and among others those of organic life, properly so 
called, cannot be analysed without an inclusion of the vegetable 
form of them. There we see them în their simplest and most 
marked condition, for it is by the great act of vegetable assimila- 
tion that brute matter passes really înto the organized state, ail 
ulterior transformations by means of the animal organization being 
much less marked. And thus, the laws of nutrition, which are of 
the highest importance, are best disclosed by the vegetable organ- 
isna. ïhe method is unqnestionably applicable to ail organs and 
ail acts, without any exception ; but its scientific value diminishes 
as it îs applied to the higher apparatus and functions of the supe- 
rîor organisms, because thèse are restricted în proportion to their 
complexity and superiority. This is eminently the case witli 
the highest intellectual and moral functions which below Man dis- 
appear almost entirely ; or, at least, almost cease to be recognîzable 
below the first classes of the mammifers. We cannot but feel ît to 
be an imperfection in the comparative method that it serves us 
least where we are most in need of ail our resources ; but it would 
be unphilosophical to deprive ourselves, even in this case, of the 
light which is cast upon the analysis of Man as moral, by the study 
of the intellectual and affective qualities of the superior animais, and 
of ail others which présent such attributes, however imperfect our 
management of the comparison may yet be. And we may observe 
that the comparative method finds a partial équivalent in the 
rational analysis of âges, — thus rendered more clear, extensive, and 
complète, — for the disadvantages which belong to the same stage 
of the biological hierarchy. 

Thus I bave presented the principal philosophîcal characters of 
the comparative method. It being the aim of biological study to 
ascertain the gênerai laws of organic existence, it is plain that no 
course of înquiry could be more favourable than that which exhibits 
organic cases as radically analogous, and deducible from each 
other. 

This study of our means of exploration bas shown that our re- 
sources do indeed increase with the complexity of our subject. The 
two first methods — of Observation and Experiment — we bave seen 
to acquire a large extension in the case of this science : while the 
third, before almost imperceptible, becomes, by the nature of thô 
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phenomena, wellnigh unbounded in its scope. We hâve next to 
examine the true rational {K)8Îtion of Biology in the hierarchy of 
the fundamental sciences ; that is, its relation to tliose that précède 
it, and to the one which follows it, in order to asoertain what kind and 
degree of spéculative perfection ît admits of, and what prelimînary 
training is best adapted to its systematic cultivation. By this 
inquiry we shall see wby we are justified in assigning to it a place 
between chemistry and social science. 

Of the relation of Bîology to social Fcîence, I need say little hère, 

Relation of Bi' ^^ ^ ®^^^^ ^*^® ^ speak of it at Icngth in the next 
oioçptoother volume. My task will then be to separate them, 
êcieîuses. rather than to establîsh their connection, which it is 

the tendency of our time to exaggerate, through the spontaneons 
development of natural philosophy. None but purely metaphysical 
philosophers wonld at this day persist in classing the theoiy of the 
human mind and of society as anterior to the anatomical and 
physiologîcal study of individual man. We may therefore regard 
this point as sufficiently settled for the présent, and pass on to tUe 
relation of Biology to inorganic philosophy. 

It is to chemistry that Biology is, by its nature, most directly and 
corapletely subordinated. In analysing the pheno- 
** ^^' menon of life, we saw that thefundamental acts which, 
by their perpetuity, characterize that state, consist of a séries of 
compositions and décompositions; and they are therefore of a 
chemical nature. Though in the most imperfect organisms, vital 
reactions are widely separated from common chemical effects, it is 
not the less true that ail the functions of the proper organic life are 
necessarîly controlled by those fundamental laws of composition 
and décomposition which constitute the subject of chemical science. 
If we could conceive throughout the whole scale the same sépara- 
tion of the organic from the animal life that we see in vegetables 
alone, the vital motion would oflfer only chemical conceptions, 
except the essential circnmstances which distinguish such an order 
of molecular reactions. The gênerai source of thèse important 
différences is, in my opinion, to be looked for in the resuit of each 
chemical conflict not depending only on the simple composition of 
the bodies between which it takes place, but being modifîed by 
their proper organization ; that is, by their anatomical structure. 
Chemistry must clearly funiish the starting-point of every ratîonal 
theory of nutrition, sécrétion, and, in short, ail the functions of the 
végétative life, considered separately ; each of which is controlled 
by the influence of chemical laws, except for the spécial modifica- 
tions belonging to organic conditions. If we now bring in again 
the considération, discarded for the moment, of the animal life, we 
see that it could in no way alter this fundamçntal subordination, 
dhough it must greatly complicate its actual application : for we 
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liave seen that the animal life, notwithstanding its vast importance, 
can never be regarded in bîology otherwise than as destined to 
extend and perfect the organîc life, whose gênerai natnre ît cannot 
change. Such an intervention modifies, anew and largely, the 
chemical laws of the pnrely organîc functions, so as to render the 
efFect very difficnlt to foresee; but not the less do thèse laws 
continue to control the aggregate of the phenomena. If, for instance, 
a change in the nervous condition of a superîor organism disturbs 
a given sécrétion, as to its energy or even its nature, we cannot 
conceive that such an altération can be of a random kind: such 
modifications, irregular as they may appear, are still submitted to 
the chemical laws of the fundamental organic phenomenon, which 
permit certain variations, but interdict many more. Thus, no com- 
plication prodnced by animal life can withdraw the organic functions 
from their subordination to the laws of composition and décompo- 
sition. This relation is so important, that no scientific theory 
could be conceived of in biology without it ; since, in its absence, 
the most fundamental phenomena might be conceived of as 
susceptible of arbitrary variations, which would not admit of any 
true law. When we hear, at this day, on the subject of azote, such 
a doctrine as that the organism bas the power of spontaneously 
creating certain elementary substances, we perceive how indispen- 
sable it stîll is to însist directly on those principles which alone can 
restrain the spirit of aberration. 

Besides this direct subordination of bîology to chemîstry, there 
nre relations of method between them. Observation and expéri- 
mentation being much more perfect in chemistry, they serve as an 
admirable training for biological inquiry. Again, a spécial property 
of chemistry is its developing the art of scientific nomenclature ; 
and it is in chemîstry that biologists must study this important 
part of the positive method, though it cannot, from the complexity 
of their science, be of so much scientific value as in chemistry. It 
is on the raodel of the chemical nomenclature that those systematic 
dénominations bave been laid down by which biologists hâve 
classified the most simple anatomical arrangements, certain well- 
defined pathological states, and the most gênerai degrees of the 
animal hierarchy : and it is by a contînued pursuit of the same 
method that further improvements will be effected. 

We thus see why biology takes its place next after chemistry, 
and why chemîcal inquîries constitute a natural transition from the 
inorganic to the organic philosophy. 

The subordination of biology to Physics follows from its relation 
to Chemistry: but there ai-e also direct reasons, . 

relating both to doctrine and method, why it should ^ ^'*^** 
be so. 

As to doctrine, — it is clear that the gênerai laws of one or more 
branches of Physics must be applied ia the analysis of any physio- 
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logical phenomenoD. This application is necessary in theexamination 
of the m^ium, in tbe first place ; and the analjsis of the médium 
is required to be v^y exact, on acconnt of the strong effect of its 
variations on phenomena so easily modified as those of the organisai. 
And next, the organism itself is no less dépendent on those laws, 
relating as they do to weight, heat, electricity, etc. It îs obvions 
that if biology is related to chemistry through tbe organic life, it îs 
i-elated to physics by tbe animal life, — ^the most spécial and noble 
of the sensations, those of sight and hearing, requiring for the 
startiog-point of their investigation an application of optics and 
acoostics. Tbe same remark holds good in regard to the theory of 
utteranee, and the study of animal beat and the electric properties 
of the organism. It remains to be wished that the biologists 
wonld study and apply thèse laws tbemselves, instead of committing 
the task to physicists : but they bave hitherto followed too much 
the example of the physicists, who, as we bave seen, hâve committed 
the application of mathematical analysis in their own science to the 
geometers; whereas, it cannot be too carefuUy remembered that if 
the more gênerai sciences are independent of the less gênerai, which, 
on the other hand, must be dépendent on them, the students of 
the hîgher must be unfit, in virtue of that very independence, to 
apply them to a more complex science, whose conditions they 
cannot sufficiently understand. If tbe case was clear in regard to 
the intrasîon of the geometers into physics, it is yet more so with 
regard to tbe intrusion of tbe physicists into biology ; on account of 
the more essential différence in the nature of the two sciencea The 
biologists should qualify tbemselves for the application of the 
pi^eceding sciences to their own, instead of looking to the physicists 
for guidance which can only lead them astray. 

In regard to Method, biology is indebted to physics for the most 
perfect models of observation and expérimentation. Observations 
in physics are of a sufficient complexity to serve as a type for the 
same method in biology, if divested of their numerical considei-ations, 
which is easily doue. Chemistry however can furnish an almost 
equally good model in simple observation. It îs in expérimentation 
that biologists may find in physics a spécial training for their work. 
As the most perfect models are found in the study of physics, and 
the method is singularly difficult in physiology, we see how impor- 
tant the contemplation of the best type must be to biologists. 
Such is the nature of the dependence, as to doctrine and method, 
of biology on physics. We turn next to its relations with Astro- 
nomy ; and first, with regard to doctrine. 

The relation of physiology to astronomy is more important than 
is usually supposed. I mean something more than 
sronomp, ^j^^ împossibility of understanding the theory of 
weight, and its eiSects upon the organism, apart from tbe considéra- 
tion of gênerai gi^avitation. I mean, besides, and more speciall/i 
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that it îs impossible to fomi a scientific conceptioa of the donditîons 
of vital existence withoiit taking into the accaunt the aggr^ate 
astronomical éléments that characterize the planet which is tiie home 
of that vital existence. We shall née more f uHy, in the next volume, 
how humanitj is afFected by thèse astronomical conditions; but we 
mast cursorily review thèse relations in the présent connection. 

The astronomical data proper to our planet are, of course, stati* 
cal and dynamîcal. The biological importance of the statical con- 
ditions is immediately obvions. No one questions the importance 
to vital existence of the mass of our planet m comparison with that 
of the Sun, which détermines the intensity of gravity ; or of its 
form, which régulâtes the direction of the force ; or of the f unda- 
mental equilibrium and the regular oscillations of the fluids which 
cover the greater part of its surface, and with which the existence 
of living beings is closely implicated; or of its dimensions, which 
limit the indemnité multiplication of races, and especially the human ; 
or of its distance from the centre of our System, which chiefly detei- 
mines its température. Any sudden change in one or more of thèse 
conditions would largely modîfy the phenomena of life. But the 
influence of the dynamical conditiona of astronomy on biological 
study is yet more important Without the two conditions of the 
fixity of the pôles as a centre of rotation, and the uniformity of the 
angular velocity of the earth, there would be a continuai perturba- 
tion of the organic média which would be incompatible with life. 
Bîchat pointed out tluit the intermittence of the proper animal life 
is subordinate in its periods to the diumal rotation of our planet ; 
and we may extend tne observation to ail the periodical phenomena 
of any organism, in both the normal and pathological states, allow- 
ance being made for secondary and transient influences. Moreover, 
there îs every reason to believe timt, in every organism, the total 
duration of life and of its chief natural phases dépends on the angu- 
lar velocity proper to our planet ; for we are authorized to admit 
that, other things being equal, the duration of life must be shorter, 
especially in the animal organism, in proportion as the vital pheno- 
mena succeed each other more rapidly. If the earth were to rotate 
much faster, the course of physiological phenomena wonld be 
accelerated in proportion ; and thence life would be shorter ; so that 
the duration of life may be regarded as dépendent on the duration 
of the day. If the duration of the year were changed, thé life of 
the oi*ganism would again be affected : but a yet more striking 
considération is that vital existence is absolutely implicated with 
the form of the earth's orbit, as bas been observed before. If. that 
ellipse were ta become, instead of nearly circular, as eccentiic as 
the orbit of a cornet, both the médium and the organism would 
undergo a change fatal to vital existence* Thus the small eccen* 
triciiy of the earth's orbit is one of the main conditions of biological 
phenomena, almost as necessary as the stability of the earth's rota^ 
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tîon ; and every othér élément of the annuàl motion exercises an' 
influence, more or less marked, on biological conditions, though not 
80 great as the one we hâve adduced. The inclination of the plane 
of the orbit, for instance, détermines the division of the earth into 
climates, and, consequently, the geographical distribution of living 
species, animal and vegetabla And again, through the alternatioa 
of seasons, it influences the phases of individual existence in ail 
organisms ; and there is no doubt that life would be affected if the 
révolution of the line of the nodes were accelerated; so that its 
being nearly îmmovable bas some biological value. Thèse con- 
sidérations indicate bow necessary it is for biologists to inform 
themselves accumtely, and without any intervention, of the real 
éléments proper to the astronomical constitution of our planet. An 
inexact knowledge will not suffice. The laws of the limits of vari- 
ation of the différent éléments, or, at least, a scientific analysis oE 
the chief grounds of their permanence, are essential to biological 
investigation ; and thèse can be obtained only through an acquaint- 
ance with astronomical conceptions, both geometrical and me- 
chanical. 

It may at first appear anomalous, and a breach of the ency- 
clopedical arrangement of the sciences, that astronomy and biology 
should be thus immediately and eminently connected, while two otber 
sciences lie between. But, indispensable as are physics and chemi- 
stry, astronomy and biology are, by their nature, the two principal 
branches of natural philosophy. They, the compléments of each 
other, include in their rational harmony the général System of our 
fundamental conceptions. The solar System and Man are the 
extrême terms within whîch our ideas will for ever be încludecL 
The System first, and then Man, according to the positive course of 
our spéculative reason : and the reverse in the active process : the 
laws of the System determining those of Man, and remaining ud- 
affected by them. Between thèse two pôles of natural philosophy the 
laws of physics interpose, as a kind of complément of the astronom- 
ical laws ; and again, those of chemistry, as an immédiate preliminary 
of the biological. Such being the rational and indissoluble constitu* 
tion of thèse sciences, it becomes apparent why I insisted on the 
subordination of the study of Man to that of the System, as the 
primary philosophical characteristic of positive biology. 

Though in the infancy of the human mind, when it was in its 
theological state, and in its youthful metaphysîcal stage, the order 
of thèse sciences was reversed, there was a préparation for the true 
view. Through ail the fanciful notions of the ancient philosophy 
about the physiological influence of the stars, we discern a strong 
though vague perception of some connection between vital and 
eelestial phenomena. Like ail primitive intuitions of the under- 
standing, this one needed only rectification by the positive philos- 
ophy; under the usual condition, however, of being partiallj 
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ovérthrowri în order to be reorganîzed. But modem students, 
iinding no astronomical conditions in the course of their anatomical 
and physiological observations, hâve discarded the idea of them 
altogether, — as if it were ever possible for facts to bear immédiate 
testimony to the conditions without which they could not exist, and 
^vhich do not admit of a moment's suspension 1 Such an order 
of primitive conditions is however now establisbed beyond dispute. 
In order to prevent any return to vicious or exaggerated notions 
about the physiological influence of the stars, it is enough to bear 
in mind two considérations : first, that the astronomical conditions 
of vital existence are comprised within our own planetary System ; and 
secondly, that they relate, not directly to the organism, but to its 
environment, affecting as they do the constitution of our globe. 

In regard to method, — the importance of astronomical study 
to biologists consists, as in other cases» in its offering the most 
perfect model of philosophizing on any phenomena whatever ; the 
importance of this example becoming greater in proportion to the 
complexity of the subordinate science, on account of the stronger 
temptation to discursive and idle inquiries offered by the latter. 
The more diflîcult their researches become, the more sedulous 
should physiologists be to refresh their positive forces at the source of 
positive knowledg^ ; and, in the contemplation of the few gênerai 
and indisputable conceptions which constitute this lofty science, to 
be on their guard against the baseless notions of a vital principle, 
vital forces, and entities of that character. Hitherto, ail advance 
în positivity in biology bas been obtained at the expense of it^ dignity» 
which bas always been implicated with an imaginary origin of life, 
of sensibility, etc. : but when physiologists bave learned from their 
study of gravitation and other primary laws how to confine them- 
selves to true science, their subject will rise to the highest élévation 
that positivity admits of, — that rational prévision of events which 
is, as I hâve so often said, the end of true science : — an end to be 
aimed at in biology, as it is perfectly fulfilled in astronomy. 

Hère, too, must biologists learn the character of sonnd scientific 
hypothesis. This method is eminently wanted in so complex a 
study as physiology ; but it bas been as yet used with very little 
efFect. The way is, undoubtedly, to détermine the organ from the 
function or the function from the organ. It is permissible to 
form the most plausible hypothesis as to the unknown function of 
a given organ, or the concealed organ of a manifest function. If 
the supposition be in harmony with existing knowledge, if it be 
held provisionaUy, and if it be capable of a positive vérification, it 
may contribute to the progress of discovery, and is simply a use of 
a right of the human mind, exercised as in astronomy. The only 
eminent example known to me of sonnd hypothesis in biology is 
that of M. Broussais, in proposing the mucous membmne of the 
alimentary canal as the seat of so-called essential fevers. Whether 
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be was mistsiken or not, is not tlie question. Hîs h}7K)lhe8b beiog 
opeo to unquestionable confirmation or subversion, it gave a great 
impulse to the study of pathology in a positive manner: and it 
will stand in the history of the human mind, as the first example 
of the spontaneous introduction of a sound bypothetical method 
into the positive study of living beings: a method derived from the 
région of astronomy. 

It remains to consider the relation of biology to mathematics. 
The encroachments of the pure geometers upon the domain of 
To MaOïif biology bave been attended with the same mischief, 
matieê. tut in an aggravated form, that we bave witnessed 

in tlie case of other sci^ices. Tliis mischief bas led physiologists 
to repudtate mathematics altogether, and open an impassable gulf 
between themselves and the geometers. This is a mistake ; inas- 
much as their science cannot be severed from that which is thé 
basis of the whole of natural philosophy ; and it is only throagh 
the admission of this that they can maintain the origioality and 
independence of their scientifie labours. The rational study of 
nature proceeds on the ground that ail phenomena are subjeek to 
invariable laws, which it is the business of philosophical spécula- 
tion to discover. It is needless to prove that on any other supposi- 
tion, science could not exist, and our collections of facts conld yield 
no resuit In the phenomena of living bodies, as în ail othei-s, 
eveiy action proceeds acc(»*ding to précise, that is, mathematical 
laws, which we should ascertain if we could sttidy each phenomenoa 
by itself. The phenomena of the înorganic world are, for the most 
part, simple enougli to be calculable : those of the organic world are 
too complex for our management : but this bas nothing to do witli 
any difierence in their nature; And this is the view which both 
geometers and biologists should bearin mind. 

If in astronomy our calculations are baffled wben we possbeyond 
two or three essential conditions, it is évident how impracticable 
they nmst be amidst the inextricable complications of physiology. 
And agàin, this complexity prevents our ever Meeting a mathema- 
tical disclosure of the elementary laws of the science. This 
excludes ail idea of this method of philosophizing in biology ; for 
thèse laws are no otherwise accessible than by the immédiate 
analysis of their numerical eflfects. Now, whichever way vital pheno- 
mena are looked at, they présent sncb endless and incessant variations 
in their numbers, that geometers^ are baffled as completely as if 
those degrees were entirely arbîtrary. Even numerical chemistry is 
inapplicable to bodies whosemolecular corn position variesincessantiy; 
and this is precisely the distinguishing character of living organism». 
However hui*tt'ul may bave been the incui-sions of the geometers, 
direct and indirect, into a domain which it is not for them to 
cultivate, the physiologists are not the less wrong in tuming 
away from mathematics altogetlier. It is not only that without 
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mathematîcs they could not receîve tlieîr due preliminary traînîng 
in the întervening sciences : it is further necessary for thein to hâve 
geometrical and mechanical knowledge, to imderstand tlie structure 
and the play of the complex apparatus of the living, and especially 
tlie animal organism. Animal mechanics, statical and dynamical, 
must be uninteHigible to those whoare ignorant of the gênerai laws 
of rational mechanics. The laws of equilibrium and motion are, as 
we saw when treating of them, absolulely universal in their action, 
depending wholly on the energy, and not at ail on the nature of the 
forces considered : and the only difficulty is in their numerical appli- 
cation in cases of complexity. Thus, discardingall ideaof a numer- 
ical application in biology, we perceive that the gênerai theorems of 
statics and dynamics must be steadily verified in the mechanism 
of living bodies, on the rational study of which they cast an indis- 
pensable light. ïhe highest orders of animais act, in repose and 
motion, like any other mechanical apparatus of a similar complexity, 
with the one différence of the mover, which has no povver to alter 
the laws of motion and equilibrium. ïhe participation of rational 
mechanics in positive biology is thus évident. Mechanics cannot 
dispense with geometry ; and besides, we see how anatomical and 
physiological spéculations învolve considérations of form and posi- 
tion, and require a familiar knowledge of the principal geometrical 
laws which may cast light ujwn those complex relations. 

In regard to Method, the necessity of recurring to a perfect model 
of reasoning, the more earnestly in proportion to the complexity of 
the science concerned, is applicable in regard to Mathematics, as to 
Astronomy ; only with still greater urgency. In mathematics we 
iind the primitive source of rationality ; and to mathematics must 
the biologists resort for means to carry on their researches. If 
biologists hâve hitherto not donc this, but contented themselves 
with what is called logic, apart from ail determinate reasoning, 
much of the fault is chargeable upon the indifférence of geometers 
about duly organizing the whole of mathematical knowledge. The 
imperfect and inadéquate character of the elementary treatises on 
mathematics that hâve hitherto been given to the world quite 
accounts for. the neglect of the fundamental logical properties of 
mathematical science by even intelligent minds. It accounts also 
for the exaggerations of some philosophers, who maintain that, far 
from preparing the intellectual organ for the rational interprétation 
of nature, a mathematical éducation rather tends to develop a spirit 
of sopbistical argumentation and illusory spéculation. Such an 
abuse, however, cannot affect the real value of mathematîcs as a 
means of positive éducation ; but rather exhibits the necessity of 
a philosophical rénovation of the whole System of mathematical 
instruction. Whatever advantage can be attributed to logic in 
directing and strengthening the action of the understanding is 
found in a higher degree in mathematical study, with thé immense 
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added advantage of a deteiininate snbject, distlnctly cîrcnmscribedy 
admitting of the atmost précision, and free from the danger which 
is inhérent in ail abstract l(^ic, — of leading to nseless and pnerile 
mies, or to vain ontological spéculations. The positive method, 
being everywbere identical, is as mnch at home in the art of 
reasoning as anywhere else : and this is why no science, whether 
biology or any other, can offer any kind of reasoning, of which 
mathematics does not siipply a simpler and pnrer counterpart. 
Thus, we are enabled to eliminate the only remaining portion of 
the old philosophy which could even appear to o£fer any real utility; 
the logical part, the value of which is irrevocably absorbed by 
mathematical science. Hither, then, must biologists corne, to study 
the logical art so as to apply it to the advancement of their difficult 
researches. In this school must they leam familiarly the real 
characters and conditions of scientific évidence, in order to transfer 
it afterwards to the province of their own theoriea The study of it 
hère, in the most simple and perfect cases, is the only sound pré- 
paration for its récognition in the most complex. 

The study is equally necessary for the formation of intellectual 
habits; for obtaining an aptitude in forming and sustaining positive 
abstractions, without which the comparative method cannot be used 
in either anatomy or physiology. The abstraction which is to be 
the standard of comparison must be first clearly formed, and then 
steadily maintained in its integrity, or the analysis becomes abortive: 
and this is so completely in the spirit of mathematical combinations, 
that practice in them is the best préparation for it. A student who 
cannot accomplish the process in the more simple case may be assured 
that he is not qualified for the higher order of biological researches, 
and must be satisfîed with the humbler office of collecting mateiials 
for the use of minds of another order. Hence arises another use of 
mathematical training ; — ^that of testing and classifying minds, as 
well as preparing and guiding them. Probably as much good woald 
be donc by excluding the students who oAly encumber the science 
by aimless and desultory inquiries, as by fitly instituting those who 
can better fulfil its conditions. 

There seems no sufflcient reason why the use of scientific fictions, 
Useofsdm- 80 common in the hands of geometers, should not be 
tificfiction8' introduced into biology, if systematically employed, 
and adopted with sufficient sobriety. In mathematical stadies, 
great advantages hâve ariseu from imagining a séries of hypothetical 
cases, the considération of which, though artifioial, may aid the 
clearing up of the real subject, or its fundamental élaboration. This 
art is usually confounded with that of hypothèses ; but it is entirely 
différent ; inasmuch as in the latter case the solution alone ia 
imaginary ; whereas in the former, the problem itself is radically 
idéal. Its use can never be in biology comparable to what it is in 
mathematics : but it seems to me that the abstract character of the 
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hîgh'er conceptions of comparative bîblogy renders them susceptible 
of such treatment. The process would be to intercalate, among 
différent known organisms, certain purely fictitîous organisms, so 
imagîned as to facilitate theîr comparison, by rendering the biolo- 
gical séries more homogeneous and continuons : and it might be 
that several might hereafter meet with more or less of a realizatîon 
araong organisms hitherto unexplored. It may be possible, in the 
présent state of our knowledge of living bodies, to conceîve of a new 
organism capable of fnlfilling certain given conditions of existence, 
However that may be, the collocation of real cases with well- 
imagined ones, after the manner of geometers, will doubtless be 
practîsed hereafter, to complète the gênerai laws of comparative 
anatomy and physiology, and possibly to anticîpate occasionally the 
direct exploration. Even now, the rational use of such an artifice 
might greatly simplify and clear up the ordinary System of pure 
biologîcal instruction. But it is only the highest order of investîgators 
who can be intrusted with it. Whenever it is adopted, it will con- 
stitute another ground of relation between biology and mathematics. 
We bave nowgone over ail those grounds, — bothpf doctrine and 
of method. Of the three parts of mathematics, Mechanics is con- 
nected with biology in the scientific point of view ; and geometry 
in the logical : while both rest upon the analytîcal théories which 
are indispensable to their systematic development. 

Thîs spécification of the relations of biology détermines îts rank 
in the hierarchy of sciences. From thîs again we learn the kind 
and degree of perfection of which biology is susceptible ; and, more 
directly, the rational plan of preliminary éducation which it 
indicates. 

If the perfection of a science were to be estimated by the means 
of its pursuit, biology would evidently excel ail condition and 
others ; for we can concentrate upon it the whole of prospects of 
the resources of observation and of reasoning ofifered ^^ science, 
by ail the others, together with some of high importance approprîate 
to itself. Yet, ail this wealth of resources is an însujfficient com- 
pensation for the accumulated obstacles which beset the science. The 
difficulty is not somuch in its récent passage into the positive state 
as in the higli complexity of îts phenomena. After the wisest use 
of ail our resources, this study must ever remain inferior to ail the 
departments of inorganic philosophy, not excepting chemistry itself. 
Still, its spéculative improvement will be greater than might be 
supposed by those who are unaware how incomplète and barren is 
the accumulation of observations and heterogeneous conceptions 
which now goes by the name of the science. AU that bas yet 
been donc should be regarded as a preliminary opération, — an 
ascertainment and trial of means, hitherto provisional, but hence- 
forth to be organized. Such an organization ;havjng really taken 
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place among a few qualîfied învesïîgators, tliè state of the science 
niay be regarded as very satisfactory. As for the direct establish- 
ment of biologîcal laws, the few positive ideas that we hâve ob- 
taîned justify the expectation that the science of living bodies may 
attaîn to a real co-ordination of phenomena, and therefore to theîr 
prévision, to a greater or smaller extent. 

As for the requîsite éducation, — as it comprehends the study of 
Beguisite the prccedîng sciences, from mathematîcs downwards, 
Education, jt is clcarly of a more extensive and difficult order 
than any hitherto prèscribed. But the time saved from the useless 
study of words, and from futile metaphysical spéculations, would 
suflSce for ail the purposes of the regenerated science, which dis- 
cards thèse encumbrances. 

If, next, we look at the réaction of the science on the éducation 
of the gênerai mind, the firsfc thing that strikes us is that the positive 
study of Man affords to observers the best test and measure of the 
mental power of those who pursue the study. In other sciences, 
the real power of the inquirer and the value of his acquisitions are 
concealed from popular estimate by the scîentific artifices which 
are requisite for the pursuit ; as in the case of mathematics, whose 
hîeroglyphîc language is very imposing to the uninitiated : so that 
men of extremely small ability, rendering very doubtful services, 
hâve obtained a high réputation for themselves and their achieve- 
raents. But thîs can hardly take place in biology ; and the préfér- 
ence which popular good sensé bas accorded to the study of Man 
as à test of scientific intelligence is therefore well-grounded. Hère 
the most important phenomena are common to ail ; and the race 
may be said to concur in the study of Man : and, the more difficult 
and doubtful the ascertainment of gênerai laws in so complex a 
science, the higher is the value of individual and original méditation. 
Wheu thèse laws become better known, this originality will yîeld 
some of its value to the ability which will then be requîsite for 
their application. The moral world will, under ail future, as under 
ail past circumstances, regard the knowledge of human nature as 
the most indubitable sign, and the commonest measure, of true 
intellectual superiority, 

ïhe first intellectual influence of the science is in perfectîng, or 
rather developing, two of the most important of our elementary 
powers, which are little required by the preceding sciences ; — the 
arts of comparison and of classification, which, however necessary 
to each other, are perfectly distinct. Of the first, I hâve said enough ; 
and of the second I shall speak hereafter ; so that I hâve now only 
to indicate its function in biology. 

The universal theory of philosophical classifications, necessary not 

AH ofciassi' only to aid the memory but to perfect scientific com- 

fication. binatious, cannot be absent from any branch of 

jiatural philosophy: but it la incontestable that the full develop- 



BLOLOGY AND POSITIVISM. 325 

ment of tlie art of classîficatîon wàs reserved for biologîcarscîeoce. 
As we hâve seen before, each of our elementary powers miist be 
specîally developed by that one of our positive studies which re- 
qiiires its most urgent application, and which, at the same time, 
offers it the most extended field. Under both aspects, bîology tends, 
more than any other science, to favour the spontaneous rise of the 
gênerai theory of classifications. Eirst, no other so urgently claîms 
a séries of rational classifications, on account both of the multi- 
plicity of distinct but analogous beings, and of the necessity of 
organizing a systematic comparison of them in the form of a bio- 
logical hierarchy ; and next, the same characterîstics which demand 
thèse classifications facîlitate theîr spontaneous establishment The 
multiplicity and complexity are not, as might at fîrst appear, 
obstacles to the systematic arrangement of subjects : on the con- 
trary, they are aids, as the diversity of their relations offers a greater 
number of analogies, more extensive and easy to lay hold of. ïhis 
is the reason why the classification of animais is snperior to that of 
vegetables ; the greater variety and complexity of animal organisms 
affording a better hold for the art of classifying. And thus we see 
that the very difficnlties of the science are of a nature at once to 
require and permit the most marked and spontaneous development 
of the gênerai art of classification ; and hither must the student in 
every other department of science resort, to form his conceptions of 
this ail-important method. Hère alone can geometers, astronomers, 
])hy8icists, and even chemists learn the formation of natural groups, 
nnd their rational co-ordination ; and, yet more, the gênerai prin- 
ciple of the subordination of characteristics, which constitutes the 
chief artifice of the method. The biologists alone, at this day, can 
be in habituai possession of clear and positive ideas in thèse three 
relations. — Each of the f undamental sciences bas, as we bave already 
so often seen, the exclusive property of specially developing some 
one of the great logical procédures of which the whole positive 
method is composed ; and it is thus that the more coraplex, while 
dépendent on the simpler, react on their superiors by affording 
them new lational powers and instruments. In this view of the 
hierarchical character and unity of the System of human knowledge, 
it becomes clear that the isolation still practised in the organization 
of our positive studies is as hurtful to their spécial progress as to 
their collective action upon the intellectual government of the 
human race. 

Looking now to the hîgher functîon of this science, — its influence 
iipon the positive spi rit, as well as method, — we bave , - , 

only to try it by the test proposed before ; — its power Bioiogi/ upon 
of destroying theological conceptions in two ways: — th^PosUive 
by the rational prévision of phenomena, and by the '^"*' 
voluntary modification of them which it enables Man to exercise. 
As the phenomena of any science become more complex^ thç firsfc 
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power decreases, and the other increases, so that tlie one or tlie 
other is always présent to show, unquestionably, that the events of 
the world are not ruied by supematural will, but by natural laws. 
Bioiogical science eminently answers to this test While its com^ 
plexîty allows little prévision, at présent, in regard to its phenomena^ 
it supplies us with a full équivalent, in regard to theological 
conceptions, in the testimony afforded by the analysis of the con- 
ditions of action of living bodies. The natural op]X)sition of this 
species of investigation to every kind of theological and metaphysical 
conception is particularly remarkable in the case of intellectual and 
affective phenomena, — the posîtivism of which is very récent, and 
whichy with the social phenomena that are derived from them, are 
the last battle-ground, in the popular view, between the positive 
philosophy and the ancient In virtue of their complexîty, thèse 
phenomena are precisely those which require the most determinate 
and extensive concurrence of varions conditions, exterior and 
interior ; so that the positive study of them is eminently fitted to 
expose the futility of the abstract explanations derived from the 
theological or metaphysical philosophy. Hence, we easiiy under- 
stand the marked aversion which this study is privileged to arouse 
among différent sects of theologîans and metaphysicians. As tho 
. labours of anatomists and physiologists disclose the intimate depen* 
dence of moral phenomena on the organism and its environment, 
there is something very strikîng in the vain efforts of followers of 
the old philosophies to harmonize with thèse facts the illusory play 
of supernatural influences or psychological entities. Thus has the 
development of bioiogical science put the positive philosophy in 
possession of the very stronghold of the ancient philosophy. The 
same effect becomes even more striking in the other direction, from 
bioiogical phenomena being, beyond ail others, susceptible of 
modification from human intervention. We bave a large power of 
affecting botli the organism and its environment, from the very 
considérable number of the conditions which concur in their exist- 
ence: and our voluntary power of disturbing phenomena, of 
suspending, and even destroying them, is so striking as to compcl 
us to reject ail idea of a theological or metaphysical direction. As 
in the other case, of which indeed it is a mère extension, this effect 
is most particularly marked in regard to moral phenomena, properly 
so called, which are more susceptible of modification than any 
others. The most obstînate psychologist could not well persist in 
maîntaîning the sovereign independence of his intellectual entities, 
if he would consider that the mero standing on his head for a 
moment would put a complète stop to the course of his own spécu- 
lations. Muclî as we may wish that, in addition to thèse évidences, 
we had that of an extensive power of scientific* prévision in biology, 
such a power is not needed for the conclusions of popular good 
sensé. This prévision is not always baffled : and its success in a 
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few marked cases îs sufficîent to safîsfy tlie gênerai mînd tliat the 
phenomena of livîng bodies are subject, like ail others, to invariable 
natural laws, wliich we are prevented from interpreting în ail cases 
only by theîr extrême complexity. 

But, moreover, positive biology bas a spécial conquest of its own 
over the theologîcal and metaphysical Systems, by which it bas 
converted an ancient dogma into a new principle. In chemistry the 
same thîng occnrred when the primitive notion of absolute création 
and destruction was converted into the précise conception of 
perpétuai décomposition and recomposition. In Astronomy, the 
same thîng occurred when the hypothesis of final causes and provi- 
dential rule gave place to the view of the solar system as the 
necessary and spontaneous resuit of the mutual action of the 
principal masses which compose it. Biology, in its close connection 
with astronomy, bas completed this démonstration. Attacking, in 
its own way, the elementary dogma of final causes, it bas gradually 
transformed it into the fundamental principle of the conditions of 
existence, which it is the particular aptitude of biology to develop 
and systematîze. It isa great error in anatomîsts and physiologists, 
— ^an error fatal both to science and theology, — to endeavour to 
unité the two views. Science compels us to conclude that there is 
no organ without a function, and no function without an organ. 
Under the old theologîcal influences, students are apt to fall into a 
state of anti-scientific admiration when they find the conditions and 
the fulfilment coïncide, — ^when, having observed a function, ana- 
tomical analysis discl<)pes a statîcal position in the organism which 
allows the fulfilment of the function. Thîs irrational and barren 
admiration is hurtful to science, by habituatîng us to suppose that 
ail organic acts are efiected as perfectly as we can imagine, thus 
repressing the expansion of our biological spéculations, and inducing 
us to admire complexities which are evidently injurions : and it is 
in direct opposition to religions aims, as it assigns human wisdom 
as the rule and even the lirait of the divine, which, if such a parallel 
is to be established, must often appear to be the inferîor of the two. 
Though we cannot imagine radically new organisms, we can, as I 
showed în my suggestion about the use of scientific fictions, conçoive 
of organizations which should differ distinctly from any that are known 
to us, and which should be incontestably superior to them in certain 
determinate respects. The pliilosophical principle of the conditions 
of existence is in fact simply the direct conception of the necessary 
harmony of the statîcal and the dynamîcal analyses of the subject 
proposed. ïhîs principle îs emiûently adapted to the science of 
biology, which is continually engaged in establishing a harmony 
between the means and the end ; and nowhere else, therefore, is 
seen in such perfection, that double analysis, statîcal and dynamical, 
which is found everywhere. 

Thèse, then, are the philosophîcal properties of positive biology. 
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To complète our revîew of tlie science as a whole, we liavè only to 

note briefly tlie division and rational co-ordination of its parts. 

It does not fall within the scope of thîs work to notice several 

DUtribution branches of positive biological knowledge, which are 

of the science, of extrême importance in their own place, but 

secondary în regard to the principles of positive philosophy. We 

have no concern hère with pathology, and the corresponding médical 

art; nor with natural history, and the corresponding art of the 

éducation of organisms. Thèse are naturally, and not untruly, 

called biological studies : bot we must hère confine the term 

strictly to the spéculative and abstract researches which are the 

fonndation of the science. The interior distribution of the science, 

thus regarded, is this. 

The spéculative and abstract study of the organism must be 
divided, first, into statics and dynamics ; according as we are seek- 
ing the laws of organization or those of life: and again, statical 
biology must be divided into two parts, to which M. de Blainville 
bas given the name, in regard to animais, of zootomy and zootaxy, 
according as we study the structure and composition of individual 
organisms, or construct the great biological hierarchy which résulte 
from the comparîson of ail known organisms. . It would be easy to 
modify M. de Blainville's terms so as to make them common to 
animais and vegetables. Dyuamical biology, to which we may give 
the name hionomy, as the end and ai m of the whole set of studies, 
evidently admits of no analogous subdivision. The gênerai name 
of Biology thus includes the three divisions^ biotomy, biotaxy, and 
pure bionomy, or physiology properly so called. 

Their définition exhibîts their necessary dcpendence ; and there- 
by deteimines also their philosophîcal co-ordination. While it is 
universally allowed that anatomical ideas are indispensable to 
physiological studies, because the structure must be known before 
its action can be judged of, the subordination of bionomy to biotaxy 
is not 80 well understood. Yet it is easy to see that the place of 
any organism in the scale must be known before its aggregate 
phenomena can be eifectually studied : and again, the considération 
of this hierarchy is indispensable to the use of that grandest instru- 
ment of ail, — the comparative method. Thus, from every point of 
view, the double relation of dynamical to statical biology is unques- 
tionable. 

The two divisions of statical biology are less clearly marked; and 
it even appeais as if, in regard to them, we were involved in a 
vicîous circle : for if, on the one hand, the rational classification of 
living beings requires the antécédent knowledge of their organization, 
it is certain, on the other hand, that anatomy itself, like physiology, 
cannot be studied, in regard to ail organisms, without an antécé- 
dent formation of the biological hierarchy. Thus we must admit 
a consolidation of the respective advancements of biotomic ^nd 
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.bîota"^îc studies through theîr întîmate connection. In such a case, 
as a séparation and determinate co-ordination are reqiiired by our 
imderstandings, it appears to me that we cannot besitate to make 
a dogmatîc an-angement, — ^placing the theory of organîzatîon before 
that of classification, — for tbe last îs absolutely dépendent on the 
fir^ ; while the first could meet sorae wants, though in a restricted 
way, without the second. In a word, none but known organîsms 
(Can be classified; wbereas they ail can and must be studied, toa 
certain extent, without being mutually compared. And again, 
there îs no reason why, in a systematic exposition of anatomical 
philosophy, we should not borrow directly frorn biotaxy its conr- 
struction of the organic hierarchy ; an anticipation which involves 
jnucli less inconvenîence than severing the complète study of 
structure.^However, it must be always borne in mind that any 
System will hâve to undergo a gênerai revision, with a view to 
bringing out the essential relations of its parts : the relations, not 
only of the two sections of statical biology, but of both to the 
dynamical. This considération goes far to diminish the importance 
assîgned to thèse questions of priority : and the only reason why 
suclî a revision appears more necessary in biology than in the other 
sciences is, that there is a profounder accordance between its 
departments than we find in theirs. 

The interior distribution of thèse three departments îs determîned, 
as usual, by the order of dependence of phenomena, on the ground 
of their relative generality. Thus, the theory of the organic life 
précèdes that of the animal : and the theory of the highest functions 
and organs of Man terminâtes the biological System. 

It has often been a question whether, în study ing each organ 
and fonction in the whole scale, it is best to begin at wiiere to 
the one end or the other ; — to begin with Man or the ^^^^' 
simplest known organism. I do not consider this question so ail- 
important as it is often supposed, as ail qualified înquirers admit the 
necessity of usîng the two methods alternately, wliichever is taken 
first : but I think that a distinction should be made between the 
study of the organic and that of the animal life. The functions of 
the first being chemical, it îs less necessary to begin with Man ; 
and I think there may be a scientific advantage in studying the 
vegetable organism first, in which that kind of functions is the 
more pure and more marked, and therefore the more easily and 
completely studied : but every investigation, anatomical or physio- 
logîcal, relating to animal life, must be obscure if it began elsewhere 
than with Man, who is the only being în which such an order of phe- 
nomena is immediately intelligible. It is evidently the obvions state 
of Man, more and more degraded, and not the îndecîsive state of the 
sponge, more and more improved, that we should pursue, through 
the animal séries, when we are analysing any of the constituent 
cliaracters of animality. If we seem to be by this procédure désert- 
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ing tlie ordinary course of passîng from the most gênerai and simple 
subject to the most particular and coraplex, ît is only to confonn 
the better to the philosophical prînciple whîch prescribes that very 
course, and whicn leads us from the most known snbjects to the 
least known. In ail cases but this, the usual course is the fittest, 
in bîological studies. 

Hère we conchide our revîew of bîological science as a whole. 
The extent to which I hâve can-ied out the survey wîll allow us to 
consider its separate portions very brîefly. In doîng so, I shall 
follow the order just laid down, passîng from the simple considér- 
ations of pure anatomy to that positive study of the phenomena of 
the intellect and the affections, as the highest part of human nature, 
whîch wîll carry us over from biology to Social Physics, — ^the final 
object of this work. 
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CHAPTER IL 

ANATOMICAL PHILOSOPHY. 

lï was durîng tlie second half of the last century that Daubenton 
and Vîcq-d'Azyr achieved the extension of the j)eveiopment 
statical study of lîving bodies to the whole of known ofstaticai 
organisms ; and the lectures and writings of Cuvîer ^'^ffy- 
carrîed on, and spread abroad, the regenerating influence of tliîs 
great view. But, indispensable as was this conception to the 
developraent of anatomical science, ît could not complète the 
chaiacter of statical biology without the aid and addition of Bichat's 
grand idea of the gênerai décomposition of the organism into its 
varions elementary tissues ; the high philosophical importance of 
which appears to me not yet to be worthily appreciated. 

Thenatural development of comparative anatomy would, no doubt, 
hâve dîsclosed this analysis to us sooner or later : but how slow the 
process would hâve been we may judge by what we see of the 
reluctance of comparative anatomists to abandon the exclusive study 
of Systems of organs while unable to deny the prépondérant impor- 
tance of the study of the tissues. Of ail changes, those which relate 
to method are the most dijfficult of accomplishment ; and perhaps 
there is no example of their resulting spontaneously from a regular 
advance under the old methods, without a direct impulsion from a 
new original conception, energetic enough to work a révolution in 
the System of study. Biology must, from its great complexity, be 
more dépendent on such a necessity than any other science. 

ïhough zoological analysis furnishes the best means of separating 
the varions organic tissues, and especially of gîving précision to the 
true philosophical sensé of this great notion, patho- Process of 
logical analysis ofFered a more direct and rapid way dûcoyeryof 
to suggest the first idea of such a décomposition, ^ tUauea, 
even regarding the human organism alone. When pathological 
anatomy had been once founded by Morgagni, it was évident that 
in the best-marked maladies no organ is ever entirely diseased, and 
that the altérations are usually confined to some of its constituent 
parts, while the others préserve their normal condition. In no other 
way could the distinction of the elementary tissues hâve been so 
clearly established. By the coexistence in one organ of sound and 
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îrapaîred tîssucs, and, again, by différent organs beîng affected by 
similar maladies, in virtue of the disease of a common tissue, tbe 
analysîs of the chîef anatomical éléments was spontaneously in- 
dicated, at the same time that the study of the tîssiies was shown to 
be more important than that of the organs. It is not consistent 
with my objects to go further into this : but it was necessary to 
show that we owe to pathological analysîs the perception of this 
essential truth. It was Pinel who suggested it to Bichat, by bis 
happy innovation of studying at once ail the dîseases proper to the 
différent mucous membranes. Bichat then, while knowing nothing 
of the study of the organic hierarchy, carried off from the stadents 
of comparative anatomy the honour of discovering the primitive idea 
which is most indispensable of ail to the gênerai advancement of 
anatomical philosophy. His achievement consisted in rationally 
Connecting with the normal condition a notion derived from the 
pathological condition, in virtue probably of the natural reflectioa 
that if the différent tissues of the same organ could each be separ- 
ately diseased in its own way, they must hâve, in their healthy con- 
dition, distinct modes of existence, of which the life of the organ is 
really composed. This principle was entirely overlooked before 
Bichat published the treatîse in which he established the most sat- 
îfifactory à posteriori development of it : and it is now placed beyond 
ail question. ïhe only matter of regret is that, in creating a 
wholly new aspect of anatomical science, Bichat did not better mark 
its spirit by the title he gave it. If he had called it abstract ov 
elementary instead of général anatomy, he would hâve indicated its 
philosophical function, and its relation to otlier anatomical points of 
•view. 

The anatomical philosophy began to assume its définitive 
^ . . ,. character from the very récent time when the human 
with Corn- mmd Jeamed to combme the two great primitive 
parative ideas of the organic hierarchy, and of Bichat's dis- 

ana omy, covery, which applies the universal conception to the 
statîcal study of living bodies. Thèse combîned ideas are necessarily 
the subject of our présent examination. Putting aside the irrational 
distinctions, still too common among biologîsts, of mnny différent 
kinds of anatomy, we must hère recognize only one scientific 
anatomy, chîefly characterized by the philosophical corabination of 
the comparative method with the fundamental notion of the décom- 
position of the organs into tissues. It is apparently étrange tliat, 
after Bîchat's discovery, comparative anatomîsts, with Cuvier at 
their head, should hâve persisted in studying organic apparatus in 
its complex state, instead of beginning with the investigation of the 
tissues, pursuîng the analysis of the laws of their combinations into 
organs, andending with the groupîngof those organs into apparatus, 
properly so called : but not even Cuvier's great name can now 
prevent the application of the comparative method to the analysis 
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oT tîssues, tlirougliout the whole bîologîcal hierarcliy. The wovk, 
though at présent neither energetically nor profoundly pursued, is 
begun, and will reform the habituai direction of anatomical spéc- 
ulation. 

Bichat's studies related to Man alone ; and his method of com- 
parison bore only upon the simplest and most restricted cases of 
ail ; the comparison of parts and that of âges. His principle must, 
tlierefore, tiecessarily undergo some transformations, to fit it for a 
more extensive application. The naost important of thèse improve-, 
ments, especîaily in a logîcal view, appears to me Mementsand 
to consist in the great distinction introduced by M. de Producu. 
Blainville between the true anatomical éléments and the eimple 
products of the organism, which Bichat had confounded. We saw. 
before the importance of this distinction in the chemical study of 
organic substances : and we meet it again now, face to face, as an 
anatomical conception. 

We hâve seen tliat life, reduced to the simplest and most gênerai 
notion of it, îs characterized by the double continuons motion of 
absorption and exhalation, owing to the reciprocal action of the 
organism and its environment, and adapted to sustain during a 
certain time, and within certain limits of variation, the iutegrity of 
the organization. It results from this that, at every instant of its> 
existence, every living body must présent, in its structure and com^ 
position, two very différent orders of principles: absorbed matters 
in' a state of assimilation, and exhaled matters in a state of sépara- 
tion. This is the ground of the great anatomical distinction between 
organic éléments and organic products. The absorbed matters, 
once completely assimilated, constitute the whole of the real materials. 
of the organism. The exhaled substances, whether solid or fluidj; 
become, from thé time of theîr séparation, foreign to the organism, 
in which they cannot generally remain long without danger. Re-f 
garded in a solid state, the true anatomical éléments are alwayt^ 
necessarily continuons in tissue with the whole of the organism ; 
and again, the fluid éléments, whether stagnant or circulating, 
remain in the depths of the gênerai tissue, from which they are 
equally inséparable : whereas the products are only deposited, for a 
longer or shorter time, on the exterior or interior surface of th(i 
organism. The différences are not less characteristic, in a dynamical 
view. The true éléments alone must be regarded as really living ; 
they alone participate in the double vital motion : and they alone 
grow or decrease by absorption or exhalation. Even before they 
are finally excreted, the products are alreiady essentially dead sub- 
stances, exhibiting the same conditions that they vvould manifest 
anywhere else, under siraîlar molecular influences. 

The séparation of the éléments from the products is not always 
easy to effect when, as f requently happens, they combine in the same 
anatomical arrangement to concur ia the same function» AU 
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products are not, like sweàt, urîne, etc., desiîned to be expelled 
witlîout further use în the organic economy. Several others, as 
saliva, the gastric fluid, bile, etc., act as exterior substances, and in 
virtue of their cliemical composition în preparîog for the assimi- 
lation of the organic materials. It îs difficult tq fix the précise 
moment when thèse bodies cease to be products and become 
éléments ; — the moment, that îs, when they pass from the inorganîc 
to the organic state, — from death to life. But thèse difficulties 
arise from the imperfection of car analysîs, and not from any 
uncertainty in the principle of séparation. It may be observed 
however that there are circnmstances în whîch products, and par- 
ticularly among the solids, are closely united to true anatomical 
éléments in the structure of certain apparatus, to which they supply 
essential means of improvement. Such are, for instance, the greater 
number of epidermic productions, the hair, and eminently the teeth. 
But even in this case, a siifficiently délicate dissection, and a careful 
analysis of the whole of the f unction wîU enable us to ascertain, with 
entire précision, how much is organic and how much înorganic in 
the proposed structure. Such an investigation was not prepared for 
when Bichat confounded the teeth with the boues, and concluded 
the epidermis and the hair to. be tissues, of a pièce with the cutané- 
eus tissue ; but the rectification which ensued was ail-important, as 
enabling us to defîne the idea of tissue or anatomicol élément, whicli 
îs the préférable term. It was through comparative anatomy that 
the rectification took place ; for the study of the biological séries 
showed that the înorganic parts which in Man appear inséparable 
from the essential apparatus are in fact only simple means of 
advancement, gradually iutroduced at assignable stages of the 
ascending biological séries. 

If we assert that in the order of purely anatomical spéculations, 
the study of products must be secondary to that of éléments, it will 
not be supposed that we undervalue the study of products. This 
study is of extrême importance in physiology, wliose principal 
pheuomena would be radîcally unintelligible without it ; and wîthout 
it pathological knowledge must come to a stand. As résulta, they 
indicate organic altérations ; and as modifiers, they exhibit the 
origin of a great number of those altérations. In fact, the know- 
ledge of them is much promoted by their séparation from the 
anatomical éléments, which withdraw the attention of biologisls 
from the real claims of the whole class of products. 

The considération, of products being once dismissed to its proper 
place, anatomical analysis has assumed its true character of com- 
pleteness and clearness. Thus we may undertake now what was 
before impossible — an exact enumeration of anatomical éléments. 
And again, thèse tissues can be classifîed according to their true 
gênerai relations; and may even be reduced to a single tissue, 
modified by determînate laws. Thèse two are the other chief trans^ 
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formations undergone by the great anatomical theory of Bichat, 
through the application of the comparative method : and thèse two 
we now proceed to review. 

The first is connected with the gi'eat question of the vitality of 
the organic fluids, about which our ideas are far from vibai\jty oftha 
being, I think, sufficiently settled. Every living organic jiuids. 
body consista of a combination of solids and fluids, the respective 
proportions of which vary, according to the species, within very 
wide limits. The very définition of the vital state supposes this 
conjunction ; for the double motion of composition and décompo- 
sition which characterizes life could not take place among solids 
alone ; and, on the other hand, a liquid or gaseous mass not only 
requires a solid envelope, but could admit of no real organization. 
If the two great primitive ideas of Life and Organization were not 
inséparable, we might imagine the first to belong to fiuids, because 
they are so readily modified ; and the other to solids, as alone 
capable of structural formation : and hère, under another view, we 
should find the necessary harmony of the two éléments. The comparison 
of types in the bîological séries confirms, in fact, the gênerai rule that 
the vital activity increases with the prépondérance of fluid éléments 
in the organism ; while a greater persistence of the vital state 
attends the prépondérance of solids. This bas long been regarded 
as a settled law by philosophical biologists, in studying the séries 
of âges alone. Thèse considérations seem to show that the contre- 
versy about the vitality of fluids rests, like many other famous 
controversîes, on a vicious proposai of the problem, since such a 
mutual relation of the solids and the fluids excludes at once both 
humourxsm and solidism. Discarding, of course, the products from 
the question, there can be no doubt that the fluid éléments of the 
organism manifest a life as real as that of the solids. The founders 
of modem pathology, in their reaction agaînst the old humourism, 
hâve not paid sufflcient attention, in the theory of diseases, to the 
direct and spontaneous altérations of which the organic fluids, 
especîally the blood, are remarkably susceptible, in virtue of the 
complexity of their composition. It would appear, from a philo- 
sophical point of view, very strange if the most active and susceptible 
of the anatomical éléments did not participate, prîmarily or consec- 
utîvely, in the perturbations of the organism. But, on the other 
hand, it is not less certain that the fluids, animal and vegetable, 
cease to live as soon as they bave quitted the organism ; as, for 
instance, the blood after venesection. They then lose ail organiza- 
tion, and are in the condition of products. The vitality of the 
fluids, considered separately, constitutes them an ill-defined, and 
therefore interminable, question. 

A truly positive inquiry however arises out of the question — thQ 
înquîry as to which of the immédiate principles of a fiuid are vital ; 
for it cannot be admitted that ail are so indiscviminately. Thus^ 
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llie blood beÎDg cliiefly composed of water, it would' be alislird to* 
suppose Buch anâoert vehicle to participate in the life of the flaid ; 
but theo, which of the other coostituents is the seat of life? 
Microscopic anatomy gives us the ans.wer, — ^that it résides in the 
globules, properly so called, which are at once ôrganized and living. 
However valuable such a solution would be, it can be regarded at 
présent only as an attempt ; for it is admitted that thèse globales, 
though determinate in form, shrink more and more as the arterial 
blood passes through an inferior order of vessels, — that is, as it 
approaches its incor{)oration with the tissues; and that, at the 
précise moment of assimilation, there is a complète liquéfaction oE 
the globules. It would thus appear that we must cease to regard 
the blood as living at the very moment when it accomplishes its 
chief act of vitality. Before any décision can be made, we must 
hâve the counter proof, — the acknowledgment that true globules 
are exclusively characteristic of living fluids, in opposition to those 
which, as simple products, are essentially inert, and hold in suspen- 
sion varions solids, which make them difficult to be distinguished. 
from true globules, notwithstanding the determinate form of the 
latter. Microscopical observations are too délicate, and sometimes 
deceptive, to admit at présent of the irréversible establishment of 
this essential point of anatomical doctrine. 

The statical study of living bodies would form but a very incom-^ 
plete introduction to the dynamical, if the fluids were left outof 
ihe investigation of the organic éléments, however much remains to 
be desired in our knowledge of them. The omission of them in 
Bichat's treatise leaves a great gap. Still, as the anatomy of solids 
must always take precedence of that of fluids, Bichat chose the 
true point of departure, though he did uot undertake the whole 
Hubject. It must be added that the examination of the fluids is s(^ 
much the more difficult of the two as to be wellnigh impracticable^ 
In an anatomical sensé, it is impracticable : and the two only 
methods, — microscopical and chemical examination, — are impaired 
by the rapid disorganization which ensues when tlie fluids quit the 
organism. The chemical method is in itself the more valuable of 
the two : but, besides that the chemists habitually confound the 
éléments and the products, they hâve always examined the former 
in a more or less advanced state of décomposition: and, being 
unaware of this, they bave offered only the most false and incohérent 
notions of the molecular constitution of the ôrganized fluids. In 
such a state of things, it is only by a full préparation, from the 
study of the solid éléments, that anything can be doue in the study 
of the fluids. It is almost needless to say that by the same rule 
which prescribes this order, we should study fluids in the order of 
their increasing liquéfaction,-^ — ^taking the fatty substances fii'st, then 
the blood and other liquids, and Instly the vaporous and gaseous 
elementS) which will always be the least understood. 



The onler of înqaîrr beînir ibos seîdeA ihe ne^Kl su. vcî î$ ih^ 
rational classification of the ttssues. acconiing to thetr (r««»,<.>ftiw«» 
anatomical filiation. Il was nd br soch a sIikît as «' ^ --wiwa. 
Bichat's, — of Man alone^ — ihat anTthing certain «hi\1 Kxvîï>^ 
known of soch obscare dî^'^^ences as those of the fuiulauienul 
tîssues. In order to obtain snch knowledire the s^tudr of llie whole 
biologîcal séries is indispensable. 

The first pièce of knowledge thus obtained is that the celkiW 
tîssne is the primitire and es^ential web of everr Oïwaxkv 
organism ; it being tiie only one that is présent thnMigh ^^v^-*-***-"" '««•'^ 
the whole range of the scâle. The tissues which appear in Man so 
maltiplied and distinct kise ail their characteristic attributes as we 
descend the séries, and tend to menre entirelv in the £»enenil cvUular 
tissue, which remains the sole basis of vegetable, and f^rhai^ of the 
lowest animal organization. This fact harmonizes well with the 
philosophîcal account of the Ixisis of life, in ils last degree of sim- 
plicity ; for the cellular tissiie is eminently fitted, by its stnictuix?, 
for absorption and exhalation. At the lower end of the séries, the 
living organism, placed in an nnvarying médium, does nothing but 
absorb and exhale by its two surfaces^ between which are ever 
oscillating the fluids deslined for assimilation, and those which 
resuit from the contrary process. For so simple a fonction as this 
the cellular tissue sufQces. It remained to be ascertained under 
what laws the original tissue becomes gradually modified so as to 
engender ail the others with those attributes which at firet disguiso 
their common dérivation : and this is what Gom{)arative anatomy 
bas begun to establish, with some distinctnesa 

The characteristic modifications of the tissue ai*e of two proraiuent 
classes : the first, more common and less profound. are limited to 
the simple structure; the other class, more spécial, and moi*e 
profound, afFect the composition itself. 

Of the first order the prominent case is that of the dermous 
tissue, properly so called, which is the basis of the Devmoui 
gênerai organic envelope, exterior and interior. The ***•***• 
modification hère is mère condensation, difFerently marked, in 
regard to animal organisms, according as the surface is, as in 
exterior surfaces, more exhalant than absorbent, or, as in interior 
surfaces, more absorbent than exhalant. Even this first transfor- 
mation is not rigorously universal; and we must ascend the scalo a 
little way to find it clearly characterized. Not only in souio of the 
lowest of the animal organisms, are the exterior and interior essen- 
tially alike, so that the two surfaces may be interchanged, but if 
we go a little lower, we find no anatomical distinction between the 
envelope and the whole of the organism, which is uniformly cellular. 

By an increasing condensation of the parent tissue, three distinct 
but inséparable tissues proceed from the derma^ ail of which are 
destined to an important, though passive, office in the animal 
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econoray, eîtlier as envelopes protectîng the nervous organs, or as 
auxiliai'ies of the locomotive apparatus. Thèse are the fibrous, 
cartilagînous, and bony tiasues, ranged by Bichat îa their rational 

order, and named by M. Laurent, in their combina- 
ceroiw w«£e.. ^.^^^ ^^ aclerous tissue. The dififerent degrees of 

consolidation hère arise from the déposition in the cellular network 
of a heterogeneous substance, organic or inorganic, the extraction of 
which leaves no doubt as to the nature of the tissue. When, on the 
other hand, by a last direct condensation, the original tissue becomes 
itself more compact, without being incrusted by a foreign substance, 
we recognîze a new modification, in which impermeability becomes 
compatible with suppleness, which is the characteristic of the serons, 

or (as M. Laurent calls it) the hystous tissue, the 
yi issue. ^^^^ ^f which is to întcrpose between the various 

mobile organs, and to contain liquids, both circulating and stag- 
nant 

The second order of transformations exhibits two secondary kinds 
Animal. ^^ tissue which distiuguish the animal organism, and 

Musctuàr and which appcar at about the sarae degree of the scale— 
nervous tissues. ^^^ muscular and the nervous tissues. In each there 
is an anatomical combination of the fundamental tissue witli 
a spécial organic élément, semi-solid and eminently vital, which, 
having long gone by the name of fibrine în the first case, has sug- 
gested the corresponding name of neurine (given us by M. de Blain- 
ville) for the other. Hère the transformation of the parent tissue 
is so complète, that it would be diffîcult to establish, and yet more 
to detect it in the higher organisms ; but the analogies of compara- 
tive anatomy leave no doubt, and only make us wish that we could 
understand with more précision the mode of anatomical union of 
the muscular and nervous substances with the cellular tissue. 

Passing on to the chief subdivision of each of the secondary 
tissues, the first considération is of the gênerai position, which is 
always related to a modification, greater or smaller, of the structure 
itself. Comparative analysis shows us that in the case of both the 
muscular and the nervous System, the organization of the tissue 
becomes more spécial and elevated, exactly in proportion to its 
deeper position between the exterior and interior surfaces of the 
animal envelope. Thence arises the rational division of each of 
thèse Systems into superficial and profound. This distinction is 
more especially remarkable with regard to the nervous System, 
arranged, first, in the form of filaments, and afterwards that of 
ganglions, with or without extemal apparatus. 

This is the family of tissues, the study of which forms the basis 
of anatomical analysis. It would be departîng from my object to 
inquire into the laws of composition under which the ascent is 
made from this primary study to that of porous substances, and 
thence on to the theory of the organs, and then to that of Systems 
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of organs, whîch would lead us on to physîologîcal aoalysis. I 
hâve fulfiUed the aim of this section in exhibitiug the methodîcal 
coDoection of the four ' degrees of anatomical spéculation, about 
which no real uncertainfy exists. 

Deeper than this we cannot go. The last terni in our abstract, 
iDtellectual décomposition of the organism is the idea Limitation of 
of tissue. To attempt the passage from this idea to *** inquiry, 
that of molécule, which is appropriate to inorganic philosophy, is to 
quit the positive method altogether : and those who do so, uuder 
the fancy that they may possîbly establish a notion of organîc molé- 
cules, aud who give that vain search the name of transcendeutal 
anatomy, are in fact imitating the chemists in a région into whicli 
Chemistry miist enter in its own shape where admissible at ail, and 
are asserting in other words that, as bodies are fornied of indivisible 
molécules, animais are formed of animalcules. This is simply an 
attempt, in the old spirit, to peneti-ate into the nature of existences, 
and to establish an imaginary aoalogy between orders of phenomena 
which are essentially heterogeneous. It is little creditable to the 
scientific spirit of our time that this aberration should call for 
exposure and rebuke, and that it should need to be asserted that 
the idea of tissue is, in organîc spéculation, the logical équivalent 
of the idea of molécule in inorganic spéculation. 

We hère fiud ourselves in possession of a suffîcient basis of 
anatomical science, while we need yet a more complète and pro- 
found combination of the ideas of comparative and textural anatomy. 
This want will be supplied when we become universally familiarized 
with the four analytical degrees, complementary to each other, 
which must henceforth be recognized aud treated as the basis of 
anatomical spéculation. 
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CHAPTER IIL 

BIOTAXIC PHILOSOPHY. 

After tlie statical analysîs of living bodîes, Ihere must be a hîerar- 
chîcal co-ordinatîon of ail known, or even possible organîsms, ia a 
single séries, which must serve as a basis for the whole of biological 
speculatioDS. The essential principles of this philosophical opéra- 
tion are what I bave now to point out. 

We bave already seen that it is the distinction of bîolotjical 
science to bave developed the theory of classifica- 
a^lZiy^oP ^^om, which, exîsting in ail sciences, attaîns its per- 
vegetabies and fection when applicd to the complex attributes of tbe 
animais. animal organisms. In ail âges, the vegetable organism 
ivas the direct subject of biological classification ; but it was pursued 
on the principles furnîshed by the considération of animais, whence 
the type was derived which guided philosophical spéculation in the 
case. It could not be otherwise, so marked and incontestable as 
are the distinctions among animal organisms : and even the zoo- 
logical classification of Aristotle, imperfect as it is, is infioitely 
superior to anything which could then bave been atlempted with 
regard to vegetables. This natural original classification bas been 
rather rectified than changed by the labours of modem times; 
while that of vegetables has met with an opposite fate. As a fact, 
the first successful attempts in the animal région long preceded 
the establishment of the true principles of classification ; whereas, 
it was only by a laborious systematic application of thèse principles 
that it has been possible, even within a century, to efFect any rational 
co-ordination in the vegetable région, so little marked, in comparisoD, 
are the distinctions in the latter case. The natural resuit was that 
the animal realm, used as a type, became moie and more attended 
to, till the improvements in zoological classification bave gone so 
far as perhaps to lead us to fear that the vegetable organism, owing 
to its great simplicity, can never become subject to a much better 
classification than that in which it was left in the last century. The 
labours of the reformers of that time are very far indeed from having 
been useless ; only, what they undertook for the vegetable kingdom 
has turned rather to the profit of the animal ; — an inévitable cir- 
cumstance, since the property which rendered the animal kingdom 
the natural type of the taxonomîcal séries must adapt it to receive 



VEGETABLE AND ANIMAL ANATOMY. 341 

ail the împrovements arisîng from the gênerai prîncîples of the 
theoiy. The character of the tbeory could not but remain incomplète, 
however, as long as the vegetable classification contînued to be re- 
gaided as the chief end of the research ; and the classification became 
rational only when it was seen that the vegetable région was the 
further end of the séries, in which the most complex animal organism 
must hold the first place ; an order of arrangement under which the 
vegetable organism will be more effectually studied than it ever was 
while made an object of exclusive investigation. Ail that is needed 
is that naturalists should extend to the whole séries the anatomical 
and physîological considérations which bave been attached too ex- 
chisively to animal organîsms; and this will certainly be done now 
that the hiiman mind is fairly established at the true point of view, 
commanding the fundamental theory of natural classification. 

Thèse prefatory remarks indicate our thème. We must bave 
the whole séries in view ; but the animal région j^^i^^i 
must be our immédiate and explicit subject, — both as anatomp our 
furnîshing the rational bases of the gênerai theory '^kiect, 
of classification, and as exhibiting its most eminent and perfect 
application. 

The subject divides itself înto two parts: the formation of 
natural groups, and their hierarchical succession ; — Division of 
a division necessary for purposes of study, tliough the natural 
the two parts ultimately and logically coalesce. metiwd. 

In contemplating the groups, the process is to class togetUer those 
species which présent, amidst a variety of différences, 
8uch essential analogies as make them more like each • °' ^^^ ff^^P'- 
other than like apy others, — ^without attending, for the présent, to 
the gradation of the groups, or to their interior distribution. If this 
were ail, the classification must remain either doubtful or arbitrary, 
as the circumscription of each group could seldom be done so 
certainly as inevitably to include or exclude nothing that might not 
belong to another group: and great discordance was therefore 
observed in the early division into orderSy familles, and even gênera. 
But the diflSculty disappears on the foundation of the fundamental 
hierarchy, which rigorously assigns its place to each species, and 
clearly defines the ideas of gênera, familles, and classes, which 
henceforth indicate différent kinds of décomposition, effected through 
certain modifications of the principle which graduâtes the whole 
séries. The animal realm, especially in its higher parts, is as yet 
the only one in which the successive degrees bave admitted a fuUy 
scientific description. The rough classification into natural groups 
was an indispensable préparation for the marshalling into a séries 
of the immeasurable mass of materials presented by nature. The 
groups being thus separated, and the study of their interior distri- 
bution postponed, the innumerable throng of organic existences 
became manageable. This great benefit has misled botanists into 
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the snpposition that the fonnation of thèse gronps is tlie most 
scientific part of the nataral method, — otherwise than as a prelimi* 
naiy prooess. The r^alar establishment of natural families offers, 
no doubt, great facilitîes to scientifîc study, by enabling a single case 
to serve for a whole gronp : bnt this is a whoUy différent matter 
froin the yalne of the natural method, regarded as it mast henoe- 
forth be, as the highest rational means of the whole study, statical 
and dynamical, of the System of living bodies ; and the great condi- 
tion of which is that the mère position assigned to each body makes 
manifest its whole anatomical and physiological nature, in its rela- 
tion to the bodies which rank before or after it. Thèse properties 
Co-ordiwuum could never belong to any mère establishment of 
ofih^m. natural families, if they could be grouped with a 

perfection which is far f rom being possible ; for the arbitrary 
arrangement of the families, and the indeterminate decompositioii 
of each of them into species, would destroy ail aptitude for compre- 
liensive anatomical or physiological comparison, and open the way 
for that search after partial and secondaiy analogies which we see 
to be so mischievous in the study of the vegetable kingdom at this 
day. 

ïhe Natural Method, then, is phîlosophically characterîzed by the 
gênerai establishment of the organic hierarchy, reduced, if desired, 
to the rational co-ordination of gênera and even of families, the 
realizatîon of which is found only in the animal région ; and there 
only in an initiatory state. And the co-ordination proceeds under 
Three laws of three great laws, which are thèse : first, that the 
co-ordination, animal SDCcies présent a perpetually increasing cora- 
plexity, both as to the diversity, the multiplicity, and the speciality 
of their organic éléments, and as to the composition and augment- 
ing varîety of their organs and Systems of organs. Secondly : that 
this order corresponds precîsely, in a dynamical view, with a life 
more complex and more active, composed of functions more 
numerous, more varied, and better defined. Thirdly: that the 
living being thus becomes, as a necessary conséquence, more and 
more susceptible of modification, at the same time that he exercises 
an action on the external world, continually more profound and 
înore extensive. It is the union of thèse three laws which 
rigorously fixes the philosophical direction of the biologîcal hierarchy, 
each one dissipating any uncertainty which might hang about the 
other two. Hence results the possibility of conceiving of a final 
arrangement of ail living species in such an order as that each 
shall be always inferior to ail that précède it, and superior to ail 
that follow it, whatever might otherwise, from its nature, be the 
difficulty of ever realizing the hierarchical type to such a degree of 
précision as this. 

AU adéquate inquirers are now agreed upon this conception as the 
starting-point of biologîcal spéculation ; and I need not therefore 
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stop to take notice of any prîor controversîes, except one, which îs 
noticeable from its having tended to illustrate and advance the prin- 
ciple of the natural method. I refer to the discussion raised by 
Lamarck, and maintaîned, though in an imperfect ç^egtvmof 
manner, by Ouvier, with regard to the gênerai per- permanence of 
manence of organic species. The first considération ^ff^^^^ spedes, 
in this matter îs, that whatever may be the final décision of thi» 
great biological question, it can in no way aiFect the fundamental 
existence of the organic hierarchy. Instead of there being, as 
Lamarck conjectured, no real zoological séries, ail animal organisms 
being identical, and their characteristics due to external circum- 
stances, we shall see, by a doser examination, that the hypothesis 
nierely présents the séries under a new aspect, which itself renders 
the existence of the scale more clear and unquestionable than before ; 
for the wliole zoological séries would then become, in fact and in 
spéculation, perfectly analogous to the development of the individual; 
at least, in its ascending period. There would be simply a long 
determinate succession of organic states, gradually deduced from 
eacli other in the course of âges by transformations of growing com- 
plexity, the order of which, necessarily linear, would be precisely 
comparable to that of the consécutive métamorphoses of hexapod 
insects, only much more extended. In brief, the progressive course 
of the animal organism, which is now only a convenient abstraction, 
adapted to facilitate thought by abridging discourse, would thus be 
oonverted into a real natural law. This controversy, then, in which 
Lamarck showed by far the clearer and profounder conception of the 
organic hierarchy, while Cuvier, without denying, often misconceived 
it, leaves, in fact, whoUy untouched the theory of the biological 
séries, which is quite independent of ail opinion about the perma- 
nence or variation of living species. 

The only attribute of this séries which could be affected by this 
controversy is the continuity or discontinuity of the organic progres- 
sion : for, if we admit Lamarck's hypothesis, in which the dififerent 
organic states succeed each other slowly by imperceptible transitions, 
the ascending séries must evidently be conceived of as rigorously 
continuous ; whereas, if we admit the stability of living species, we 
must lay down as a fundamental principle the discontinuousness of 
Ihe séries, without pretending, either, to limit, à priori, in any way 
the small elementary intervais. This is the question to be con- 
sidered; and thus restrîcted, the discussion is of extrême importance 
to the gênerai advancement of the Natural Method, which will be, 
in fact, much more clearly described if we ai'e able to regard the 
species as essentially stable, and the organic séries therefore as com- 
posed of distinctly separate terms, even at its hîghest stages of devel- 
opment ; for the idea of species, which is the principal biotaxic unity, 
^vould no longer allow any scientific définition, if we niust admit 
tlie indefinite transformation of différent species into each other^ 
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iinder ilie sufficîenily-prolonged influence of cîrcnmstances suffi- 
ciently intense. However certain might be tbe existence of tbe bîo- 
logical hierarchy, we should bave almost insurmountable difficulty 
in realizing it ; and tbis proves to us tbe bigb pbilosopbical interest 
wbicb belongs to tbis gi'eat question. 

Lamarck's reasoning rested on tbe combination of tbese two 
incontestable but ill-described principles : first, tbe aptitude of any 
organism (and especially an animal organism) to be modified to a 
conformity to tbe exterior circumstances in which it is placed, and 
wbicb solicit tbe prédominant exercise of some spécial organ, corre- 
sponding to some facnlty become requisite ; and secondly, tbe ten- 
dency of direct and individual modifications to become fixed in races 
by Iiereditary transmission, so tbat tbey may increase in eacb new 
génération, if tbe environment remains unaltered. It is évident tbat 
if tbis double property is admitted witbout restriction, ail orgauisnis 
niîiy be regarded as baving been prodnced by eacb otber, if we only 
dispose tbe environment witb tbat freedom and prodigality so easy 
to tbe artless imagination of Lamarck. Tbe falseness of tbis bypo- 
tbesis is now so fully admitted by naturalists tbat I need only briefly 
iodicate wbere its vice résides. 

' We need not stop to object to tbe immeasurable time required for 
eacb System of circumstances to effect sucb an organic transforma- 
tion ; nor yet to expose tbe futility of imagining organic environ- 
ments, purely idéal, wbicb are out of ail analogy witb exîsting média. 
We may pass on to tbe considération tbat tbe conjecture rests on a 
deeply erroneous notion of tbe nature of tbe living organism. The 
organism and tbe médium must doubtless be mutually related ; but it 
does not foUow tbat eitber of tbem produces tbe otber. The question 
is simply of an equilibrium between two beterogeneous and iudepen- 
dent powers. If ail possible organisms bad been placed in ail possible 
média, for a suitable time, tbe greater number of tbem would neces- 
sarily disappear, leaving those only wbicb were accordant witb tbe 
laws of tbe fundamental equilibrium ; and it is probably by a séries 
of éliminations like tbis tbat a biological barmony bas become gra- 
dually establisbed on our globe, wbere we see sucb a process now 
for ever going on. But tbe wbole conception would be overtbrown 
at once if tbe organism could be supposed capable of modification, 
ad infiniturriy by tbe influence of tbe médium, witbout baving any 
proper and indestructible energy of its own. 

ïhougb tbe solicitation of external circumstances certainly does 
cbange tbe primitive organîzation by developing it in some particu- 
lar direction, tbe limits of tbe altération are very narrow : so tbat, 
instead of wants creating faculties, as Lamarck would bave us 
believe, tbose wants merely develop tbe powers to a very inconsider- 
able degree, and could bave no influence at ail witbout a primitive 
tendency to act upon. Tbe dîsappearance of tbe superior races of 
animais before tbe encroacbments of Man sbows bow limited is tbo 
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•power of the organîsm to adapt itself to an altered envîronment ; 
even the human baibarian gîves way to civilized Man : and yet the 
power of adaptation îsknovvn tobegreatest in the hîghest organîsms, 
^hereas the hypothesîs of Lamarck wonld require the fact to be 
the other way. In a statical view, too, thîs conception would com- 
pel us to regard the introductory animal as containing, at least in 
a rudîmentary state, notonly ail the tissues (which might be admis- 
sible, reducible as they are to the cellular tissue). but ail the organa 
■and Systems of organs ; which is incompatible with anatomical 
tîomparison. Thus, in every view is Lamarck's conception 
condemned: and it even tends to destroy the philosophical 
balance between the two fundamental ideas of organization and life, 
by leadîng us to suppose most life where there is least organization. 
The lesson that we may learn from it is to study more efFectually 
the limits within which, in each case, the médium may modify the 
organism, about which a very great deal remaîns to be learned : 
and meantîme, there can scarcely be a doubt, especially after the 
luminous exposition of Cuvier, that species remain essentially fixed 
through ail exterior variations compatible with their existence. 

Cuvier*s argument rests upon two chief considérations, comple- 
mentary to each other; — ^the permanence of the most ancient 
known species ; and the résistance of existing species to the most 
powerful modifying forces : so that, first, the number of species 
does not diminish ; and next, it does not increase. We go back for 
évidence to the descriptions of Arîstotle, twenty centuries ago : we 
find fossil species, identical with those before our eyes : and we 
observe in the oldest mummies even the simple secondary différences 
which now distinguish the races of men. And, as to the second 
view, we dérive évidence from an exact analysis of the effects of 
domestication on races of animais and vegetables. Human intei^ 
vention, affording, as it does, the most favourable case for altéra- 
tion of the organism, has donc nothing more, even when combined 
with change of local ity, than al ter some of the qualities, without 
touching any of the essential characters of any species ; no one of 
which has ever been transformed into any other. No modification 
of race, nor any influences of the social state, hâve ever varied the 
fundamental and strongly marked nature of the human species. 
Thus, without straying into any useless spéculations about the 
origin of the différent organisms, we rest upon the great natural 
law that living species tend to perpetuate themselves indefinitely, 
with the same chief characteristics, through any exterior chîujges 
compatible with their existence. In non-essentials the species is 
modified within certain limits, beyond which it is not modified 
but destroyed. To know thus much is good: but we must re- 
member that it teaches us nothing, with any completeness, of the 
kind of influence exercised by the médium on the organism. The 
national theory of this action remains to be formed : and the 
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laying down the question was the great resalt of tbe Lamarck con- 
troverey, wbich thus rendered an eminent senrice to the progress of 
Sound biological pliilosopby. 

We may now proceed <»i tbe antborized conception tbat tbe 

great biolc^cal séries is necessarily discontinuons. Tbe transitions 

may ultimately become more graduai, by tbe discovery of interme- 

diate organisms, and by a better directed study of tbose akeady 

known : but tbe stability of species makes it certain tbat tbe séries 

vill always be composed of clearly distinct tenus separated by im* 

practicable intervais. It now appears tbat tbe preceding exami* 

nation was no needless digression, but an inquiry necessary to 

establisb, in tbe bierarcby of living bodies, tbis characteristic 

propei-ty, so directly involved in tbe rational establishment of the 

hierarchy itself. 

Eavin^ surveyed tbe two great conceptions of Katural Groups, 

Twoiogicai ^^^ ^^^ biological serics, wbich together constitute 

conditionêof what is callcd tbe Natural Method, we must now 

Me study. notice two great logical conditions of tbe study. ïhe 

first, or primordial, is tbe principle of tbe subordination of 

characters : tbe other, the final, prescribes tbe translation of the 

interior characters into ezterior, wbich, in fact, results from a radicd 

investigation of the same principle. 

From the earliest use of the natural method, even before the 
Subordination investigation bad passed on from the natural groups 
of character- to the scrics of them, it was seen tbat the taxonomic 
*'^*^* characters must be not only numbered but weîghed, 

according to tbe mies of a certain fundamental subordination whicli 
must exîst among them. The only subordination wbich is strictly 
scientific, and free from ail arbitrary intermixture, is tbat whicli 
results from a comparative analysis of tho différent organisms : this 
analysîs is of récent date, and even yet is adequately applied only 
in the animal région ; and thus the subordination was no more than 
barely conceived of before the institution of comparative anatomy, 
and the weighing of attributes is closely connected with the con- 
ception of the ûiganîc hierarchy. The subordination of taxonomic 
characters is effected by measuring their respective importance 
according to the relation of the corresponding organs to the pheno- 
mena wbich distinguish the species under study, — ^the phenomena 
becoming more spécial as we descend to smaller subdivisions. In 
short, hère as elsewhere, the philosophical task is to establisb a true 
harmony between statical conditions and dynamical properties; 
between ideas of life and ideas of organization, which should neyer 
be separated in our scientific studies but in order to their ulterior 
combinatîon. Thus our aim, sometimes baffled but always hopeful, 
is to subordinate the taxonomic characters to each other, without 
the admission of anything arbitrary into any arrangement of 
importance. We thus meet with gaps in our schedules which we 
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Fhould avoîd, or be insensible to, under an arbitrary system ; but we 
may subdue our natural impatience under this imperfection by 
Hccustoming our minds to regard rational classification as a true 
«cience, continually progressive, always perfectible, and therefore 
always more or less imperfect, like ail positive science. 

In conducting the process of comparison, the characters must be 
admitted without restriction, in virtue of their posi- procédure, in 
tive rationality, however inconvénient to manage and use of theNa- 
difficult to verify. This is the foundation of the ^^rai Metfuxi. 
l)roposed classification. The next step is to discard from the 
collection those whose vérification would be too difficult, substitut- 
ing for them some customary équivalents. Without this second 
process, which is as yet inadequately appreciated, the passage from 
the abstract to the concrète would be inextricably embarrassed. 
The anatomist and physiologist may be satisfied with a définition 
of groiips which will not suit the zoologist, and still less the natural- 
ist. The kind of transformations required is easily specified. First, 
it is clear how important it is to discard the characters which are 
not permanent, and those which do not belong to the varions natural 
modifications of the species under study. They can be admitted 
only as provisional attributes till tri^e équivalents, permanent and 
common, hâve been dîscovered. But the very nature of the problem 
indicates that the aim of the chief substitution should be to replace 
ail the interior characters by exterior : and it is this which con- 
stitutes the main difficulty, and, at the same time, the hîghest per- 
fection of this final opération. When such a condition is fulfilled, 
CD the basis of a rational primitive classification, the natural method 
is irrevocably constituted, in the plénitude of its various essential 
properties, as we now find it in the case of the animal kingdom. 

This transformation appears to be necessarily possible ; for, as a 
chief characteristic of animality is action upon theexternal world and 
corresponding reaction, the most important primitive phenomena 
of animal life must take place at the surface of séparation between 
the organism and its environment ; and considérations with regard 
to this envelope, its form, consistence, etc., naturally furnish the 
principal distinctions of the difierent animal organizations. The 
interior organs, which hâve no direct and continuons relation to the 
jiiedium, will always be of the highest importance among végétative 
phenomena, the primitive and uniform basis of ail life : but they 
lire of secondary conséquence in considerîng the degrees of animality ; 
Bo that the interior part of the animal envelope, by which various 
materials for use are elaborated, is less important, in a taxonomic 
point of view, than the exterior part, which is the seat of the most 
characteristic phenomena. Accordingly, the transformation of in- 
terior into exterior zoological characters is not merely an ingénions 
imd indispensable artifice, but a simple return from the distraction 
ol an overwhelming mass of facts to a direct philosophical course ol 
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inresiigation. When therefore we see a reoourse to interlor cbarac- 
teristics in the stiidy of the animal séries, we must recognize the 
tnith that notonly is the classification as yetunfinislied, bat tbatthe 
opération is imperfectly conceived of ; tbat the ioqnirer bas not 
ascended, through sonnd biological analysis, to the original source 
of analogies empirically discovered. 

After Ihus ascertaining the nature of the Natural Metbod, we 
must, before quitting the subject, glanoe at the mode of its applica- 
tion in the co-ordination of the biological séries, condensed into its 
principal masses. 

The most gênerai division of the organic world is into the animal 
Division of ^^^ ve^ctablc kingdoms ; a division which remains 
anim^^and as an instance of thorough discontinuity, in spite of 
li^^^mt ^'^ efforts to represent it as an artificial arrangement. 
**^ ' ïhe deeper we go in the study of the inferîor animais, 
the more plainly we perceive that locomotion, partial at least, and 
a corresponding degree of gênerai sensibility. are the prédominant 
and uniform characters of the entire animal séries. Thèse two 
attributes are even more universal in the animal kingdom than the 
existence of a digestive canal, which is commonly regarded as its 
chief exclusive cliaracteristic : a prédominance which would not 
bave been assigned to this attribute of the organic life but for its 
being an inévitable conséquence, and therefore an unquestionable 
test, of the double property of locomotion and sensibility; to which 
we must, in conséquence, assign the first place. Such a transfor- 
mation, however, relates only to movable animais ; so that for the 
rest, we should bave still to seek some other yet more gênerai 
indication of universal animality, if we must despair of finally 
discovering in ît every direct anatomîcal condition of thèse two 
animal properties. As for the case of certain gyrating plants which 
appear to manifest some signs of thèse properties, our imperfect 
nnalysis of their motions discloses no true character of animality, 
since we can discover no constant and immédiate relation with 
either exterior impressions or the mode of alimentation. 

Next to the division of the two organic kingdoms cornes the 

Bierarchyof q«6stion of the ratioual hierarchy of the animal 

the animal kingdom, by itself. In the place of the irrational 

kmgdom, considérations, so much relîed on formerly, of abode, 

mode of nutrition, etc., we now rest upon the suprême conslderatioa 

of the greater or less complexity of the organism, of its relative 

perfection, speciality, élévation ; in short, of the degree of animal 

dignity, as M. Jussieu bas well expressed it. The next preparatory 

step was in the anatomical field, to détermine the successive degrees 

of animality proper to the différent organs. The combination of 

the two great inquirles, — into the bases of the zoological hierarchy 

as residing in the organization, and into the rank of the organs in 

their relation to life, — bas furnished, since the begiuning of this 
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eentnry, the first direct and gênerai sketch of a définitive graduation , 
of the animal kingdom. Henceforth, it became admitted that, as 
the nervous sjstem constitutes the most animal of the anatoraical 
éléments, the classification must be directed by ît ; other organs, 
and, yet more, inorgania conditions, being recurred to only on the 
failure of the chief in the most spécial subdivisions; and the 
substitutes being employed according to theîr decreasing anîmality. 
Whatever share other zoologists may hâve contributed by their 
labours to the formation of this theory, it is to M. de Blainville that 
the crédit of it especially belongs : and it is by his classification that 
we must proceed in estimating the application of the Natural Method 
to the direct construction of the true animal hierarchy. 

The happiest innovation which distinguishes this zoologîcal System 
Î8 that it attributes a hîgh taxonomic importance to AUrihuUof 
the gênerai form of the animal envelope, which had «ytMMiry, 
before been neglected by naturalists, and which ofFers the most 
striking feature, in regard to description, in the symmetry, which is 
the prevailing character of the animal organism. We must hère 
reserve the case of the non-symmetrical animais ; and this shows 
that the idea is insufficiently analysed as yet. ïhe principle îs 
perhaps saved, or the difficulty distanced, by the fact that in thèse 
animais no trace can be discovered of a nervous System ; but there 
îs a sufficîent want of précision and clearness to mark this as a case 
reserved for further analysis. We shall not wonder at this imper- 
fection if we remember how erroneous were the notions, no further 
back than two générations ago, about very superior orders of 
animais, — the whole of the radiated, a part of the moUusks, and 
cven of the lower articulated animais. Among the orders thus 
restricted, there are two kinds of symmetry, the most perfect of 
which relates to a plane, and the other to a point, or rather to an 
axis : hence the further classification of animais into the duplicate 
and the radiated. It is impossible to admire too miich the exact- 
ness with which an attribute, apparently so nnimportant, corresponds 
with the aggregate of the highest biological comparisons, which are 
ail found spontaneously converging towards this simple and lumin- 
ous distinction. Still it remains empirical in its prépondérance ; 
and we yet need a clear and rational explanation, both physiological 
and anatomical, of the extrême necessary inferiority of the radiated 
to the duplicate animais, which, by their nature, must be nearer to 
Man, the fundamental unity in zoology. 

Taking the duplicate animais, or artiozoaries, their order is agaîn 
divided according to the consistence of the envelope, j)i^ion of 
— whether it is hard or soft, — and therefore more or duplicate 
less fit for locomotion. This is, in fact, a protraction «»*"*«^- 
of the last considération, as symmetry must be more marked in 
the case of a hard than of a soft covering. The two great attributes 
oi animality, — ^locomotion and sensation, — establish profound and 
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iinquesiionable âiffereooes, anatamical and phjsiological, betweeo 
thèse two cases ; and we may easilj oonnect them ratioDalIy witli 
this primitive distinction, and perceive hoir thqr exhibit inarticiilated 
animais as necessarily inferior to tbe articidated 

The articnlated animais most nezt be distingoished into two 

iHvisûm af g^^ classes, according to the mode of articulation ; 

artieuiaud whether under the envelope, by a bony skeleton or a 

anim4dt, cartilaginons one, in the lowest degrees; or whether 
the articnlation is extemal by the con8oIidati<»i of certain homy 
parts of the envelope, alternating with the soft parts. The inferi- 
ority of this latter organization, especially with legàrà to the high 
fimctions of the nervous System, mnst be seen at a glance. It is 
observable that the more imperfect development of this eminently 
animal System always ooincides with a fondamental différence m 
the position of its central part, which is always above the digestive 
canal in vertebrated animais, and below it in those which bave an 
extemal articulation. 

The rational hierarchy of the chief organisms in the npper part 
of the animal séries is, then, composed of the three great clauses ;— 
the vertebrated animais, those which are articnlated externally, and 
the moUusks ; or, in scientific language, the osteozoaries, the eni(H 
mozoaries, and the malacozoaries. 

Glaucing, finally, at the division of the first of thèse classes, I 
Considération may remark that ail former descriptions and défini- 
0/ ihe enveiope. tions may merge in the considération of the envelope. 
It wîU be enongh hère to refer merely to the secondary view of thé 
envelope, — ^that of the inorganic productions which separate it from 
its environment M. de Blainville bas shown us how the desoent 
from Man, through ail the mammifera, the bîrds, reptiles, amphibi- 
ous animais, and fishes, is faithfully i-epresented by the considération 
of a cutaneous surface furaished witn hair, feathers, scales, or left 
bare. The same determining importance of the envelope is per- 
ceived in the next order of animais, in which the descent is measured 
by the increasing number of pairs of locomotive appendages, from 
the hexapods to the myriapods, and even to the apodes, which are 
at the lower extremity. 

It ia net consistent with the object of this Work to go further 
into a description of the animal hierarchy. My aim in giving the 
nbovo détails bas been to fix tbe reader's attention on my prelimia- 
ary recommendation to study the présent co-ordination of the animal 
kingdom as an indispensable concrète explanation of the abstract 
conceptions which I had ofFered, in illustration of the natural method. 
We must pass by, tberefore. ail spéculations and stndîes which 
belong to zoological philosophy, and merely observe that there ia 
one portion of the fundamental System which remains to be consti- 
tuted, and tlie gênerai principles of which are as yet only vaguely 
perceived ; — I mean the rational distribution of the specîes of eacU 
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natural genus. This extrême and délicate application of thë taxo- 
nomic theory would hâve been inopportune at an earlier stage of 
the development of the science : but the time bas arrived for it to 
be undertaken now. 

We cannot but see that the natural method does not admit of 
anythin<; like the perfection in the ve^i^etable kin<ç- „ ^ , ^, _ 
dom that it exhibits m even the lower stages 01 the appiied to tht 
animal. The families may be regarded as estab- v^etahithing- 
lished, though in an empirical way; but their ^' 
natural co-ordination remaîns almost entirely arbitrary, for 
want of a hierarchical prinoiple by which to subordinate them 
rationally. The idea of animality yields a succession Difficulté ofco- 
of degrees, deeply marked, so as to supply the basîs ordination, 
of a true animal hierarchy : but there is nothing of the kind in our 
conception of vegetable existence. The intensity in this région is 
not always equal ; but the character of vegetable life is homogeneous; 
— ^it is always assimilation and the contrary, continuons, and issuing 
in a necessary reproduction. The mère différences of intensity iu 
8uch phenomena cannot constitute a true vegetable scale, analogous 
to the animal ; and the less because the graduation is owing at 
least as much to the prépondérant influence of externat circumstances 
as to the characteristic organization of each vegetable. Thus, we 
hâve hère no sufficient rational basis for a hierarchical comparison. 
A second obstacle ought to be noticed, — serions enough, though of 
less importance than the first ; — that each vegetable is usually an 
agglomération of distinct and independent beings. The case does 
not resemble that of the pol3rpus formation. In the compound 
structure of the lowest animal orders a scîentific définition is still 
possible. There is a vital basis common to ail the animal structures 
which are otherwise independent of each other : but in the vegetable 
case, it is a mère agglomération, such as we can often produce by 
grafting, and where the only common éléments are inorganic parts, 
aiding a mechanical consolidation. There is no saying, in the 
présent state of our knowledge, how far such a System may extend, 
without being limited by any organic condition, as it seems ta 
dépend on purely physical and chemical conditions, in combinatiori 
with exterior circumstances. Faintly marked as the original or- 
ganic diversîty is by nature, it is évident how ail rational subordina- 
tion of the vegetable families in a common hierarchy is impeded by 
the coalescent tendency just noticed. 

The principal division which is the starting-point of M. Jussieu'a 
classification is the only beginning of a true co-ordination in the 
vegetable kingdom. It consists in distinguishing the vegetables by 
the présence or the absence of séminal leaves ; and when they are 
présent, by their having several or only one. For the successive 
passage from those which hâve several to those that bave none may 
be regarded as a continuons descent, like that ûf the biological 
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séries, though less marked Sach a view bas been verified bj the 
investigation of tbe organs of nutrition, according to the discoveiy 
of Desfontaines, — as yet the onlj eminent example of a large anîl 
happy application of comparative anatomy to the vegetable organism. 
By this concurrence of the two modes of comparison, — of the 
reproductive and nutritive arrangements, — this proposition has 
taken its rank among the most eminent theorems of natural phi- 
losophy. But this beginning of a hierarchy remains obviously 
insufficient, — the numerous families in each of the three divisions 
remaining under a purely arbitrary arrangement, which we can 
liardiy hope to couvert into a rational one. The interior distribution 
of species, and even of gênera^ within each family must be radically 
imperfect, as the requisite taxonomical principles cannot be applied 
to their arrangement till the diffîculty of the co-ordination of the 
families, — a diffîculty much less, but as yet insurmountable, — has 
been overcome. ïhe Natural Method has, therefore, as yet 
yielded no other resuit, as to the vegetable kingdom, than the 
more or less empirical establishment of families and gênera. We 
cannot be surprised that it has net yet excluded the use of artificial 
methods, and above ail that of Linnaaus, — true as it is that, up to 
our time, the ço-ordination of the vegetable kingdom was the field 
for the application of the Natural Method. It should ever be 
remembered, however, that the Natural Method is not merely a 
means of classification, but an important System of real knowledge 
as to the true relations of existing beings : so that even if it should 
be disused for the purposes of descriptive botany, it would not the 
less be of high value for the study of plants, the comparative résulta 
of which would be fixed and combined by it. In the présent con- 
dition and prospects of the science, as to the establishment of 
a vegetable séries, we must take the whole vegetable kingdom 
together as the last term of tbe great biological séries, — as 
the last of the small number of essential modes of orgauization 
which (when the subdivisions are disregarded) are markedly sepa- 
jated from each other in the classification that gîves us the 
logical command of the study of living beings. Applied first to the 
vegetable kingdom, the natural method is now seen to be the means 
by which the animal realm, the type of ail our knowledge of organic 
life, is to be perfected. To whatever orders of phenomena natural 
classification is to be applied, hère its theory must first be studied ; 
and hence it is that biological science bears so important a part ia 
the advancement of the whole of the positive method. It is much 
that a considérable progress has been made in ranging, in a due 
order of dîgnity, the immense séries of living beings, from Man to 
the simplest plant : but, moreover, this theory of classification is an 
indispensable élément of the whole positive method ; an élément 
which could not bave been developed in any other way, nor even 
ctherwise appreciated. 
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CHAPTER IV. 

OUGANIC OR VEGETATIVE LIFE. 

We bave to pass on to dynamical bîology, whicli is very far îndeed 
from havîng attained thé clearness and ceitaînty conduionof 
of the statical department of the science. Important Dynamical 
as are the physiological researches of récent times, ^^^y- 
they are only preliminary attempts, which must be soundly systema- 
tîzed before they can constitute a true dynamical biology. The 
rainds which are devoted to mathematical, astronomical, and 
])hysica] studies are not of a différent make from those of physiolo- 
gists ; and tlje sobriety of the former classes, and the extravagance 
of the latter,.must be ascribed to the definite constitution of the 
sîmpler sciences and the chaotic state of physiology. The melan- 
choly condition of this last is doubtless owing in part to the vicions 
éducation of those who cultîvate it, and who go straight to the 
study of the most complex phenomena without having prepared 
their understandings by tlie practice of the most simple and positive 
specalation : but I consider the prévalent licence as due yet more 
to the indeterminate condition of the spirit of physiological science. 
In fact, the two disadvantages are one ; for if the true character 
of the science were established, the preparatory éducation would 
immediately be rectified. 

This infantine state of physiology prescribes the method of treat- 
ing it bere. I cannot proceed, as in statical biology, to an analy tical 
estimate of established conceptions. I can only examine, in pure 
physiology, the notions of method ; that is, the mode of organization 
of the researches necessary to the ascertainment of the laws of vital 
phenomena. The progress of biological philosophy dépends on the 
distinct and rational institution of physiological questions, and not 
on attempts, which must be prématuré, to résolve them. Concep- 
tions relating to method are aiways important in proportion to the 
complexity of the phenomena in view : therefore are they especially 
valuable in the case of vital phenomena ; and above ail, while the 
science is in a nascent state. 

Though ail vital phenomena are truly interconnected, we must, 
as usual, décompose them, for purposes of spéculative vitaiphtno- 
study, into those of greater and those of less generality. mena: their 
This distinction answers to Bichats division into the d^^^^^^- 
organic or végétative life, which is the common basis of existence of 
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ail living bodies ; and animal life, proper to animais, bnt the cliief 
characters of whicli are clearly mark^ on! j in the higher part of 
the zoological scale. But since CktlVs tiroe, it has become necessary 
to add a third division, — the positive study of the intellectnal and 
moral phenomena which are distingaished from the preceding by a 
yet more marked speciality, as the organisais which rank nearest 
to Man are the only ones which admit of their direct exploration. 
Though, under a rigorous définition, this last class of fnnctions may 
doubtless be impHcitly included in what we call the animal life, yet 
its restricted generality, the dawning positivity of its systematic 
study, and the peculiar nature of the higher diMculties that it offers, 
ail indicate that we ought, at least for the présent, to regard this 
iiew scienlifîc theory as a last fundamental branch of physiology, 
in order that an unseasonable fusion sliould not disgaise its high 
importance, and alter its true character. Thèse, then, are the 
tliree divisions which remain for us to study, in our sarvey of 
biological science. 

Before proceeding to the analysis of orgauic or végétative life, I 
Th€/(yry of Or- must say a few words on the theory of organic média, 
i/anic Media, without cousideriug which, there can be no true 
analysis of vital phenomena. 

This new élément may be said to hâve been practically introdueed 
into the science by that controversy of Lamarck, already treated of, 
about the variation of animal species through the proloDged influ- 
ence of external circumstances. It is our business hère to exclude 
from the researches thus introdueed, everything but what concerns 

f)hy8iology properly so called, reduced to the abstract theoiy of the 
iving organism. We hâve seen that the vital state supposes the 
necessary and permanent concurrence of a certain aggregate of 
external actions with the action of the organism itself : it is the 
exact analysis of thèse conditions of existence which is the object of 
the preliminary theory of organic média ; and I think it should be 
effectedby consideringseparatelyeach of the fundamental influences 
under which the gênerai phenomenon of life occurs. It cannot be 
necessary to point oat the importance of the study of this half of 
the dualism which is the condition of life : but I may just remark 
on the évidence it aflfords of the subordination of the organic to the 
inorganic philosophy ; the influence of the médium on the organism 
beiug an impracticable study as loug as the constitution of the 
médium is not exactly known. 

The exterior conditions of the life of the organism are of two 
Exterior «m- classes, — ^physical and chemical ; or, in other words, 
ditiona of Life, mechanical and molecular. Both are indispensable ; 
but the first may be considered, from their more rigorous and 
sensible permanence, the most gênerai, — if not as to the différent 
organisms^ at least as to the continued duration of each of 
tliem. 
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First in generality we must rank the action of Weîght There 
îs no denying that Man himself must obey, whether Mechanicai 
as weight or projectile, the same mechanical laws con<kitions, 
that govern every other équivalent mass : and by ^'^^*- 
reason of the universality of thèse laws, weight participâtes largely 
in the production of vital phenomena, to which it is sometimes 
favourable, sometimes opposed, and scarcely ever indiffèrent. There 
is great difficulty in the analysis of its effects, because its influence 
caniiot be suspended or much modified for the purpose ; but we 
hâve ascertained something of tlieui, both in the normal and the 
pathological states of the organism. In the lower, the vegetable 
portion of the scale, the physiologîcal action of weight is less varied 
but more prépondérant, the vital state being there extremely simple 
and least removed from the inorganic condition. ïlje laws and 
limits oF the growth of vegetables appear to dépend esseutially on 
this influence, as is proved by Mr Knight's experiments on germina- 
tion, as modified by a quicker or slower motion of rotation. Much 
higher organisms are subject to analogous conditions, without which 
we could not explain, for instance, why the largest animal masses 
live constantly in a fluid suiflciently dense to support almost their 
whole weight, and often to raise it spontaneously. However, the 
superior part of the animal séries is least fit for the ascertainment 
of the physiological influence of weight, from its concurrence with 
a great number of heterogeneous actions : but this again enables 
us to study it in a variety of vital opérations : for there is scarcely 
a function, organic, animal, or even intellectual, in which we may 
not point ont the indispensable intervention of weight, which 
specially manifests itself in ail that relates to the sUigaation or 
inovement of fluids. It is therefore much to be regretted that a 
subject so extended and important has not becn studied in a rational 
spirit and method. 

The next mechanical condition, — pi-essure, liquid or gascons, — 
îs an indirect conséquence of weight. Some few 
scientific results hâve hère been obtained, from the *"*^'^ 
. f acility with which pressure may be modified by artificial or natural 
circumstances. There are limits in the barometrical scale, outside 
of which no atmospherical animal, — Man or any other, — can exist. 
We cannot so directly verify such a law in the case of aquatic 
animais : but it would seem that in proportion to the density of the 
médium must be the narrowness of the vertical limits assignable to 
the abode of each species. Of the relation between thèse intervais 
and the degree of organization, it must be owned, however, that we 
hâve no scientific knowledge, our ideas being, in fact, whoUy con- 
fused as to the inferior organisms, and especially in the vegetable 
kingdom. Though, through many difflculties and complexities, 
tlie science is in a merely nascent state, some inquiries, such as 
those relating to the influence of atmospheric pressure on the venons 
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cîrcuIaiioD, and récent obsenrations on its co-opemlion in tlie 
mechanism of standing and moving, etc., show that biolc^ists are 
disposed to study ibis order of questions in a rational manner. 

Among the physical conditions, and perha{)S first among them, 
jfoeioi» tue physiological influence of motion and rest should 
and rest. \yQ investigated. Amidst the confusion and obscurity 
wbich exist on this subject, I think we may conclude that no organisai, 
even the very simplest, could live iu a state of complète immobility. 
The double movement of the earth, and especîally its rotation, may 
probably be as necessary to the development of life as to the péri- 
odical distribution of beat and light Too much care, however, 
cannot be taken to avoid coufounding the motion produced by the 
organism itself with that by which it is aifected from without; 
and the analysis had therefore better be applied to communicated 
than spontaneous motion. And as rotary motion tends, by the laws 
of mechanics, to disorganize any eystem, and therefore, eminently, 
to trouble its interior phenomena, it is this kiud of motion which 
may be studied with the best resuit ; for which object we sbouUl 
do well to investigate, in a comparative way, the modifications 
undergone by the principal functions from the organism being 
made to rotate in such a graduai variety as is compqitible with a 
normal state. The attempt bas as yet been niade only with plants, 
and for another purpose ; while, in the case of the 8U|)erîor animais, 
including Man, we bave only incomplète and disjointed observations, 
scarcely transcending mère popular notions. 

After the mechanical influences, we reach one which affects 

Thermoiogiccd Structure — the thermological action of the médium. 

action, j^ jg ^jj^ best known of ail ; for nothing is plainer 

than that life can exist only within certain limits of the thermo- 
metrical scale, and that there are lîraits afiecting every famîly, and 
even every living race ; and again, that the distribution of organivsms 
over our globe takes place in zones sufficiently marked, as to différ- 
ences of beat, to furnisli thermometrical materials to the ph3^sicists, 
in a gênerai way. But, amidst the multitude of facts in our posses- 
sion, ail the essential points of rational doctrine are still obscure 
and uncertain. We bave not even any satisfactory séries of obser- 
vations about the thermometrical întervals corresponding to the 
différent organic conditions; — much less any law relating to such a 
harniony, which bas uever, in fact, been connected with any other 
essential biological chai'acter. This great gap exists as much with 
regai'd to the successive states of the same organism as to the scale 
of organisms. The necessary revision might be best applied first 
to the lowest states ; as the egg and the lowest organisms appear 
able to sustain wider différences of température than those of a 
higher order : and several philosophical biologists bave even believed 
that life may bave been always possible on our planet, notwith- 
«tanding the différent Systems of température through which its 
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surface lias successîvely passed. On the whole, the sum of oiir 
analyses may seem to disclose, amidst many anomalies, a gênerai 
law : that the vital state is so subordînated to a determinate ther- 
raometrical interval, as that this interval perpetually dimînishes as 
life becomes more marked, — in the case both of the individual and 
of the séries. If even this gênerai law is not y et scientifically 
established, it may be supposed how ignorant we are of the modi- 
fications produced in the organism by variations of external tempér- 
ature, withîn the limîts compatible with life. There has even been 
much confusion between the results of abrupt and graduai changes 
of température, though experiment has shown that graduation 
vastly expands the limits within which the huraan organism can 
exist ; and again, between the influence of external, and the organic 
])roduction of vital beat. This last great error shows that even 
the laying down the question remains to be done. The same thing 
may be said of the other exterior conditions, such as light and 
■electricity, of which ail that we know in this connec- UgU^ siec- 
lion is that they exert a permanent influence needful tricitp,etc. 
for the production and support of life. Besides the confusion and 
iincertainty of our observations, we hâve to contend with the in- 
feriority of our knowledge of those branches of physics, and with the 
mischief of the baseless hypothèses which we before saw to infest the 
study of them. While physicists talk of fluids and ethers, avowing 
that they do so in an artificial sensé, for pui-poses of convenience, 
])hysîologists speak of them as the real principles of two orders of ex- 
terior actions indispensable to the vital state. Till reform becomes 
substantial and complète in the study of light and electricity, thèse 
Avill remain the exterior conditions of vitality of which our know- 
ledge is the most imperfect. 

Passing on from the physical to the chemical conditions of the 
médium, we find our amount of knowledge scarcely MoUctdar 
more satisfactory. In strict generality, thisstudy relates condiUona, 
to the physiological influence of air and water, the mingling of which, 
in varions degrees, constitutes the common médium dw t 

iiecessary to vitality. As M. de Blainville remarked, 
they must not be considered separately, as in a physical or chemical 
inquiry, but in that mixture which varies only in the proportions of 
îts éléments. This might be antîcipated from our knowledge of the 
chemical constitution of living bodies, the essential éléments of which 
are found only in the combination of air and water : but we hâve 
j)hysiological évidence also, which shows that air deprived of mois- 
ture, and water not aerated, are fatal to vital existence. In this 
view there is no différence between atmospheric and aquatic beings, 
animal and vegetable, but the unequal proportion of the two fluids ; 
the air, in the one case, serving as a vehicle for vaporized water ; 
and the water, in the other case, conveying liquefied air. In both 
cases, water furnishes the indispensable basis of ail the oi'ganic 
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liquids : and tbe air the essential éléments of nutrition. We know 
that the higher mammifera, including Man, perish when the air 
reaches a certain degree of drjness, as fishes do in water which has 
been sufficiently deprîved of air by distillation. Between thèse 
extrême terms there exista a multitude of intermediaries in which 
moister conditions of air and more aerated states of water correspond 
with determinate organisms ; and the observation of Man in the 
différent hygrometrical states of atmosphères shows how, in the 
individnal case, physiological phenomena are modîfied with in the 
limits compatible with the vital state. If we may say that the 
question has been laid down in this inquîry, it is only in a vague 
and obscure way. Besides our ignorance of the vaiying proportions, 
we hâve noue but the most conf used notions about the way in which 
each fluid participâtes in the support of life. Oxygen is the only 
élément of the air about which we hâve made any intelligent inquiry, 
while physiologists entertain the most contradictory notions about 
nzote: and the uncertainty and obscurîtyare still greater with regard 
to water. In this state of infancy, it can be no wonder that the 
science offers as yet no law as to the influence of the médium on the 
organîsm— even in regard to the question whether a certain condi- 
tion of existence becomes more or less inévitable as the organism 
rises in the scale. 

The study of the influence of spécifies does not enter hère, on 
study of account, of course, of the absence of generality ; but 
spécifies, it should be just pointed ont that, reduced as is the 
number of substances called spécifies, there are still enough,— as 
aliments, medicines, and poisons, — to afford a hint of what niight 
be learned by an exploration of them, in regard to the harmony 
between the organic world and the inorganic. ïhe very quality of 
their opération, that it is spécial and discontinuons, and iherefore 
not indispensable, indicates the expérimental method in this case, 
as beîng certain, well cîrcumscribed, and very varions. This study 
may thèn be regarded as a needful appendix, completing the pie- 
liminary biological doctrine which I hâve called that of organic 
média, and offering resources which are proper to it, and cannot be 
otherwise obtained. Unhappily, this complément is in even a 
more backward state than the more essential portions, notwith- 
standing the multitude of observations, unconnected and unfinished, 
already assembled in this path of research. 

If such is the state of prelirainary knowledge, it îs clear howlittle 

Historyof has yet been learned of the laws of life themselves. 

Physioiogy, ^j^jj^ jnqniry has gone through révolutions, as other 
questions bave, before reaching the threshold of positîvity, in our 
day. From the impulse given by Descartes, the illustrious school 
of Boerhaave arose in physiology, which exaggerated the subordina- 
tion of biology to the simpler parts of natural philosophy so far as 
lo assîgn to the study of life the place of appendix to the gênerai 
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Bystem of îaorganîc physîcs. From the conséquent réaction agaînst 
thîs absurdîty arose the theory of Stahl, which may be [considérée! 
the most scientific formula of the metaphysîcal state of physiology. 
The struggle has since laîn between thèse two schools, — ^the strength 
of the metaphysîcal one residing in its récognition of physiology as 
a distinct science, and that of the physico-chemical in its principle 
of the dependence of the organic on the inorganic laws, as daily dis- 
closed more fully by the progress of science. The effect of this 
împroved knowledge has been to modify the conceptions of meta- 
physical physiology : the formula of Barthez, for instance, repre- 
sentîng a further departure from the theologîcal state than that of 
Stahl ; as Stahl's already dîd than that of Van Helmont, though 
the same metaphysical entity might be in view when Van Helmont 
called it the archeibs, and Stahl the soûl, and Barthez tlie vital 
principle. Stahl instituted a réaction against the physico-chemical 
exaggerations of Boerhaave; but Barthez established, in his pre- 
liminary discourse, the characteristics of sound philosophizing, and 
exposed the necessary futility of ail inquisition into causes and 
modes of production of phenomena, reducmg ail real science to the 
discovery of their law& For want of the requisîte practice in the 
positive method, the scheme of Barthez proved abortive ; and, after 
liaving proposed his conception of a vital principle as a mère term 
to dénote the unknown cause of vital phenomena, he was drawn 
away by the prévalent spirit of his time to regard the assumed 
principle as a real and complex existence, though profoundly un in- 
telligible. InefFectual as his enterprise proved, its design with 
regard to the advancement of positive science cannot be mistaken. 
The progressive spirit is still more marked in the physiological 
theory of Bichat, though we find entities there too. Thèse entities 
however show a great advance, as a determinate and vLsible seat is 
assigned to them. The vital forces of Bichat however still intervene 
in phenomena, like the old spécifie entities introduced into physîcs 
and chemistry, in their metaphysical period, under the name of 
faculties or occult virtues, which Descartes so vigorously hunted 
down, and Molière so happily ridiculed. Such is the character of 
the supposed organic sensibility, by which, though a mère term, 
Bichat endeavoured to eocplain physiological phenomena, which he 
thus merely reproduced under another name : as when, for instance, 
he thought he had accounted for the successive flow of différent 
lîquids in one canal by saying that the organic sensibility of the 
canal was successively in harmony with each fluid, and in antipathy 
to the rest. But for his untimely death, however, there can be no 
doubt that he would hâve issued into an entire positivity. His 
treatise on General Anatomy, though appearing a very few years 
after his treatise on Life and Death, is a great advance upon it ; 
and even in the construction of his metaphysical theory of vital 
forces he certainly first introduced, under the title properties of 
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ilsgue, a conœption of the hîghest value, destined to absorb ail 
ontological conceptions, and to prépare for the entire positivity of 
the elementary notions of physiology. The thing required is to 
snbstitute properties îot forces; and Bichat's treatment of tissue 
fulfilled this condition with regard to a very extensive class of 
effects : and thus his theory, wbile it amended the metaphysical 
doctrine of Stahl and Barthez, opened the way to its entire reforma- 
tion by presenting at once the germ and the example of purely posi- 
tive conceptions. This îs now the state of physiological philosophy 
in the minds of the majority of students ; and the conflict between 
the schools of Stahl and Boerhaave, — between the metaphysical and 
the physico-cheraical tendency, — ^remains at the point to which ît 
was brought up by the impulse communicated by Bichat It would 
be hopeless to look to the oscillations of this antagonism for an 
advance in science. If the one doctrine prevailed, science would 
be in a state of retrogression ; if the other, in a state of dissolution ; 
as in our social condition, in the conflict of the two political ten- 
dencîes, the rétrograde and the revolntionary. The progress of 
physiology dépends on the growth of jwsitive elementary concep- 
tions, such as will remand to the domain of history the controversy 
from which nothîng more is to expected. Abundant promise of 
such an issue now appears: the two schools bave annulled each 
other ; and the natural development of the science bas f urnished 
means for its complète institution to be begnn. This I look upon 
as the proper task of the existing génération of scientific men, who 
iieed only a better training to make them adéquate to it If, from 
its complexity, physiology bas been later than other sciences in its 
rational formation, it may reach its maturity more rapidly from the 
ground having been cleared by the pursuit of the anterior sciences. 
Many delays were occasioned in their case by transitory phases 
which were not understood in the earlier days of positivity, and 
which need never again arrest experienced investigation. It may 
be hoped that physiologists will spare their science the useless and 
liumbling delay in the région of metaphysical hypothesîs which long 
embarrassed the progress of physics. 

The true philosophical character of physiology consîsts, as we 

Phiiosophicai '^^^® ^^^> ^^ cstablishing an exact and constant 
character of harmony between the statical and the dynamical 
Physiology, points of view, — betwecu the ideas of organization 
and of life, — between the notion of the agent and that of the act; 
and hence arises the obh'gation to rednce ail abstract conceptions 
of physiological properties to the considération of elementary 
and gênerai phenomena, each of which conveys the idea of a deter- 
minate seat. In other words, the réduction of futiciions to corre- 
sponding properties must be regarded as the simple conséquence 
of decompounding the gênerai life into the différent functions, — 
discarding ail notions about cavses^ and inquiring only into hws. 
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Bîcliat's conception of the proi)erties of tissue contaîns the first 
germ of thîs renovated view ; but it only îndîcates the nature of the 
philosophîcal opération, and contains no solution of the problena. 
Not only is there a secondary confusion between the properties of 
lissue and simple physical properties, but the principle of the con- 
ception is vitiated by the irrational distinction between the proper- 
ties of tissue and vital properties ; for no property can be admitted 
in physîology without its being at once vital and belonging to 
tissue. In endeavourîng to harmonîze the différent degrees of 
physiological and of anatomical analysis, we may lay down the 
philosophical principle that the idea of property which indicates 
the last term of the one must correspond with tissue^ which is the 
extrême term of the other ; whilst the idea oîfunction, on the other 
liand, corresponds to that of organ : so that tlie successive ideas of 
functiou and of property présent a gradation of ihoughts similar to 
that which exists between the ideas of organ and of tissue, except 
that the one relates to the act and the other to the agent. ïhis 
relation appears to me to constitute an incontestable and important 
rule in biological philosophy ; and on it we may establish the first 
great division among physiological properties. We Division of 
hâve seen how in anatomy there is a division between **^ «*«*^y- 
the fundamental, generating tissue, the cellular, and the secondary 
tissues which resuit from the combination of certain substances 
"with this original web; and in the same way must physiological 
properties be divided into two groups, — the one comprising the 
gênerai properties which belong to ail the tissues, and which consti- 
tute the proper life of the cellular tissue ; and the other, the spécial 
properties which characterize its most marked modifications, — that 
is, the muscular and nervous tissues. This division, indicated by 
anatomy, strikingly agrées with the great physiological distinction 
between the organ ic or végétative and the animal life ; as the first 
order of properties must afford the basis of that gênerai life, com- 
mon to ail organized beings, to which vegetable existence isreduced ; 
while the second relates exclusively to the spécial life of animated 
beings. Such a correspondence at once makes the principle more 
imquestîonable, and facilitâtes the application of the rule. 

If we look at what bas been donc towards the construction 
of this fundamental theory, we shall find that it is fairly accom- 
plished with regard to the secondary, or animal tissues, — ail the 
gênerai phenoniena of animal life being unanimously connected 
with irritability and sensibility, — thèse being consideredas attributes 
each of a definite tissue : and thus, the most marked case is the best 
imderstood. But the other division, — ^the properties which are wholly 
gênerai, belonging to the universal life, are far more important, as 
underlying the others ; and an extrême confusion and divergence 
exist with regard to them. No clear and satisfactoiy conception 
of the second class can be formed while the first is left in obscurity; 
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and tlius, the science remaîns în a purely provisîonal state, — îi.s 
development having taken place în an order inverse to that which 
its nature requîres. 

ïhe functions whîch belong to the végétative life are two, — ^the 
Twofunctiona ^^itagonlsm of which corresponds to the définition of 
oftheor- life itself: first, Ûi^mienox ahsorpticm of nutritive 
gante life. materials from the surroundîng médium; whence 
results, after their assimilation, final nutrition; and secondly, the 
exhalation of molécules, which then become foreign bodies, to be 
parted with, or disassimilated, as nutrition proceeds. It appears 
to be an error to make digestion and circulation characteristics of 
animality ; as we certainly find them hère in the fundamental sensé 
of both. Digestion is properly a préparation of aliment for assimila- 
tion ; and tljis takes place in a simple and almost unvaried manner 
in vegetable organisms: and circulation, though nothing like what 
it is in animais, where Ihere is a central organ to efi*ect it, is not 
less essential in végétative life, — ^tlie lowest organism showing the 
continuai motion of a fluid holding in suspension or dissolved, 
matters absorbed or thrown out; and this perpétuai oscillation, 
which does not require a System of vessels to itself, but may take 
place through the cellular tissue, is equally indispensable to animal 
and vegetable existence. Thèse, then, are the two great végétative 
processes, performed by properties which are provisionally supposed 
(after the analysis of M. de Blainville, which is open to some objec- 
tions) to be three, — hygrometricity, capillarity, and i-etractility. 
This analysis shows clearly that the actions which constitute vege- 
table life are simple physico-chemîcal phenomena ; physical as to 
the motion of the molécules inwards and outwards ; and chemical 
in what relates to the successive modifications of thèse différent 
substances. Under the first aspect, they dépend on the properties, 
hygrometrical, capillary, and retractile, of the cellular tissue : under 
the second, and much more obscure at présent, they relate to the 
molecular action which its composition admits. This is the spirit 
in which the analysis of organic phenomena should be instituted ; 
whereas that of animal phenomena should be regarded from a 
wholly différent point of view, as we shall see hereafter. 

The study of this végétative life is not even yet rationally organ- 
îzed. We bave seen that, in the anatomical view, the vegetable 
kingdom is regarded as the last term of an unique séries, — the 
varions degrees of which differ, for the most part, more widely from 
each other than any one of them from this extrême term. The 
same conception should direct physiological specidations on the 
organic life, analysed uniformly for ail living beings : but this bas 
not hitherto been even attempted. Till it îs accomplished, no 
essential point of physiological doctrine can be established, however 
able niay be the investigations carried on, and however valuable the 
iiuiterials supplied. It may be alleged that the phenomena relating 
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to gênerai life may be stodîed în the broadest sîmplîcîty în vegetable 
organisins : but ît is no more possible în physîology than in anatomy 
to interpret the extrême cases in the scale by each other without 
liavîng passed through the intermediate degrees : and the dynamical 
case is the more diffîcult of the two : so that the isolated stody of 
the organîc life in vegetables cannot illustrate that of the higher 
order of animais. And one natural conséquence of this irrational 
isolation of the vegetable case is that chemists and physicists hâve 
engrossed researches which properly belong to biologîsts alone. 
The comparative method, which we hâve seen to be the ch'aracter- 
îstic resource of biological philosophy, bas not as yet been duly in- 
troduced into the gênerai study of organic life, thongb it is at once 
more indispensable, and more completely applicable, than in the 
case of animal life. If it were consistent with the character of this 
Work, we could point ont gaps at almost every step, and about the 
simplest phenomena, which must shock any inquiring mind : — ^the 
darkness, doubts, and différences about digestion ; and again about 
gaseous digestion, or respiration ; — in regard to which the most 
contradictory opinions are held: — divergences about the simplest 
preliminary phenomena of végétative life, which show how mucU 
bas to be donc before we can undertake any direct investigation into 
the phenomena of assimilation and the converse process. 

We shall find ourselves even further from satisfaction if we turn 
from the considération of theyîiTic^wwwof organic life ResuUsof 
to those more compound phenomena which are usually o»y«»tc action. 
confounded with them, but which M. de Blainville bas taught us to 
distinguish as results from the action of, not one organ or set of 
organs, as in the case of function, but of the simultaneous action of 
ail the principal organs. Of thèse results, the most 
immédiate and necessary is the continnous state of ampontùm 
composition and décomposition which characterizes anddeœm- 
the végétative life. Ignorant as we are of assimilation ^'^ '^* 
and sécrétion, the very questions cannot bave been as yet suitably 
laid down. No one bas thought, for instance, of instituting au 
exact chemical compaiison between the total composition of each 
organism and the corresponding System of alimentation : nor, con- 
versely, between the exhaled products and the whole of the agents 
which had supplied or modified them ; so that we can give no pré- 
cise scîentific account of the gênerai phenomenon of the composition 
and décomposition of every organism as a necessary conséquence of 
the concurrence of the différent functions. We bave at présent 
only incomplète and disjointed materials, which bave never been 
referred to any gênerai fact. 

It is acknowledged now that ail organisms bave, more or less, 
the character which used to be ascribed to only the ^. 
highest, of sustaining a determinate température, 
notwithstanding variations of beat in their environment ; and thia 
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îs a second reisult of tlie wliole of the ve<çetatîve functîons, wliich 
nlmost always coexists with the first. But this important study is 
not only in a backward state, but ill-conceived. Besides the error 
before noticed, of confounding vital lieat with the température of 
the médium, the fundameutal character of tlje phenomenon appears 
to me to hâve been mîsconceived. Its modification by the animal 
i'unctions can never be understood till it has been studied in its 
primitive universal manifestation in ail living bodies, each of whicli 
représenta a chemical centre, able to maintain its température 
ngainst external influences, within certain limits, as a necessary 
conséquence of the phenomena of composition and décomposition. 
This is doubtless the point ofvîew from which the positive study of 
vital beat must be regarded ; and to consider it under the modifica- 
tions of animal life, is to place the accessory before the principal, 
and to propose views which are merely provisîonal, if not erroneous. 
In the most récent works upon this leading subject, the organic 
foundations are, it îs true, more carefully consîdered : but the 
investigation cannot be said to be duly instituted as long as the 
vegetable organîsm is not regularly introduced into it 

ïhese remarks are even more applicable to the electrical study of 
Eitctricat living bodies. Hère vve find again, and with aggra- 
State, vation, the confusion between organic action and 

external influence, as well as the aberrations remarked on in physics 
about ethers and electric fluids. Hère, too, we meet with the error 
observed upon in the last case, about the physiological origin of 
the phenomenon. And hère, again, we are bound to conclude 
tl)at a permanent electrization is ascribable to acts of composition 
and décomposition, notwithstanding the electrical variations of tlie 
médium. And again we find that the animal functions can only 
modify, by accelerating or augmenting, more or less, the funda- 
meutal phenomenon. But the electrical analysis of the organism 
is yet further than the thermological from being conceived of and 
pursued in a rational view. 

Next follow the gênerai phenomena which resuit in a less direct 
and necessary manner from the whole of the végétative functions : — 
the production and development of living bodies. 

Notwithstanding the original investigations of Harvey and of 

Productio Hallcr, with regard to the superîor animais, this 

anddeveiop- investigation may be considered, owiug to its com- 

mmi of living plexity, to be more in the rear of a positive institution 

^' than any of the preceding. ïhe tendeucy to search 

for causes and modes of production of phenomena, instead of for 

their laws, has acted with fatal effect hère ; and, amidst every kind 

of deficiency, the main cause of the obscurity of the case îs, 

undoubtedly, that students hâve occupied themselves in looking for 

what cannot be found. However, the labours of anatomists and 

^oologists hâve evidently prepared the way for a more rational 
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study. It îs even wortliy of remark that some students wlio were 
most bent on the search into causes hâve been led on by the spread 
of tbe positive spirit, to spend their efforts on inquîries into ovology 
and embryology, which are assuming a more scientific character 
every day. Still, the prelîminary requîsite for the formation of 
doctrine, — ^a fundamental analysis, — remains unfulfilled ; and the 
ascertainment of the laws of production and development is not, 
therefore, to be attempted at présent* In the lowest departments 
of the scale, the multiplication of organisms takes place by a simple 
prolongation of any part of the parent mass, which is almost homo- 
geneous ; and in this extrême case, we understand the phenomenon 
to be analogous to every other kind of reproduction of the primitive 
cellular tissue. In the higher degrees of the scale, we are in the 
dark from the moment we départ from immédiate observation ; and 
when the simplest prévisions are so radically uncertain and even 
erroneous as in this case, the science may be pronounced to be in a 
state of infancy, notwithstanding the imposing appearance of the 
mass of Works accumulated for its illustration. 

ïhe comparative method bas been applied in a yet more incom- 
plète way to the phenomena of organic development. ïhe question 
has never yet been laid down under a form common to ail organisms, 
inclnding the vegetable. ïhe grave eiror is still committed of 
studying the development in the animal cases alone ; so that the 
most eminently animal of the Systems, the nervous, is representcd 
as the first to appear in the embryo of the higher orders, — a 
supposition adverse to the institution of any really gênerai concep- 
tion of the theory of development, and in direct opposition to one 
of the most constant laws of biological philosophy, — the perpétuai 
accordance between the chief phases of the individual évolution and 
the most marked successive degrees of the organic hierarchy ; for 
in this last view the nervous tissue is seen to be the latest and most 
spécial transformation of the primitive tissue. The preliminary 
analysis of organic development is, then, still far from being 
conceived of in a rational spirit, governed by the high philosophical 
intention of reconciling, as much as possible, the varions essential 
aspects of the science of living bodies. 

ïo be complète, this analysis should evidently be followed by the 
inverse, and yet corrélative study of the décline of Décline of the 
the organism, from its maturity to its death. The organism. 
gênerai theoiy of death is certainly in a very backward state, since 
the ablest physiological researches on this subject hâve usually 
related to violent or accidentai death ; considered, too, in the highest 
organisms exclusively, and affecting functions and Systems of organs 
of an essentially animal nature. As for the détérioration of the 
organic life, we bave yet attained to only one initiatory philosophical 
glimpse, which exhibits it as a necessary conséquence of life itself, 
by the growing prédominance of the movement of exhalation over 
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that of absorption, whence results gradually an exaggeraied oonsoU 
idation of tlie organism which was originsilly almost fliiid, a process 
which, in the absence of more rapid influences, tends to prodace 
a state of desiccation incompatible with ail vital phenomena. 
Yalaable, however, as is sach a glimpse, it serves only to charac- 
terize the true nature of the question, by indicating the gênerai 
direction of the researches which it requires. The important 
considérations relative to animal life could not be rationally intro- 
duced into snch a subject till this preliminary doctrine shall hâve 
been established ; as in regard to ail the other points of view before 
examined. 

Summary as this review bas been, we bave seen enough to be 
aiithorized to conclude that the backward state of physiological 
Kcience is owing mainly to the vicions training of physiologists, 
and the irrational institution of their liabitual hibours. The 
circulation of the blood, the fi rat gênerai fact which gave birth \fi 
positive physîology ; and the laws of the fall of bodies, the first 
acquisition of sound physics, are discoveries almost absolutely 
coutemporaneous ; and yet, what an immense inequality there is 
now in the progress of two sciences setting out from so similar a 
disclosure 1 Such a différence cannot be attributed wholly to the 
greater complexity of physiological phenomena, and must hâve 
depended much also on the scientific spirit which directed their 
gênerai study, to the level of which the greater number of those 
who cultîvate it bave been unable to rise. The phenomena of the 
végétative life obviously require, botli for their annlysis and their 
explanation, an intimate corabination of the leading notions of 
îuorganic philosopliy with physiological considérations, obtained 
through a thorough familiarity with the preliminary laws relating 
to the structure and classification of living bodies. Now, each of 
thèse inséparable conditions is, in our day, the separate property of 
a particular order of positive învestigators. Hence we hâve, on the 
one hand, the supposed organic chemistry, a bastard study, which 
is only a rough first sketch of vegetable physiology, undertaken by 
înquirers who know nothing of the true subject of their labours: 
and, on the other hand, vague, incohérent, and partly metaphysîcal 
doctrines, of which physiology bas been chiefly constituted by minds 
almost entirely destitute of the most indispensable preliminary ideas. 
The barren anarchy which bas resulted from so vicions an organi- 
zatîon of scientific labour would be enough of itself to testify to the 
direct utility of the gênerai, and yet positive point of view which 
characterizes the foregoing survey. 
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CHAPTER V. 

THE ANIMAL LIFE. 

It was only by a late and long-prepared effort tliat tbe buman mind 
conid attain tbat state of abstraction and pbysiological gênerai ity 
necessary for tbe comprebension of ail vital beings, — from Man to 
tbe vegetable, — ^as one séries. It îs only in our own day tbat a point 
of vîew so new and so difficult bas been establisbed ; and as yet, 
among only tbe most advanced minds, even as regards tbe simplest 
gênerai afepects of biology, — in tbe statical study of tbe oiganisni. 
It is not at ail surprîsing tbat pbysiological comparison sbould 
hâve been first applied to tbe animal fonctions, because tbey first 
suggest its importance and possibility, bowever clearly it may after- 
wards appear tbat tbe organic life at once requires and admits a. 
larger and more indispensable application of tbe comparative metbod. 
Looking more closely, bowever, into tbis évident existîng superiority 
of animal over organic pbysiology, we must bear in mind tbe dis- 
tinction between tbe two elementary aspects of every positive study, 
— ^tbe analysis of pbenomena and tbeir explanation. It is only witb 
regard to tbe first tbat tbe animal life bas been in reality better ex- 
plored tban tbe organic. It is not possible tbat tbe explanation of 
tbe most spécial and complex pbenomena sbould be more advanced 
tban tbat of tbe most simple and gênerai, wbicb serve as a basis to 
tbe otbers. Sacb a state of tbe science would be in opposition to ail 
tbe establisbed laws of tbe buman mind. 

However imperfect tbe tbeoiy of organic pbenomena still îs, it îs 
unquestîonably conceived in a more scientific spirit tban we find in 
any explanations of animal pbysiology. We bave seen tbat tbe 
végétative pbenomena approacb most nearly to tbe inorganic ; and 
tbat tbe scbool of Boerhaave sînned only in exaggeration, pro- 
ceeding from însufficient knowledge ; and ît must _ ^. 
be by tbis time évident tbat tbis îs tbe link between from the in- 
the înorganic and tbe biological pbilosopby, by wbicb organic to the 
we are enabled to regard tbe wbole of natural pbilos- *'''^*"*^- 
opby as forming a bomogeneous and continuons body of doctrine. 
By a natural conséquence, a wbolly différent view must be taken of 
the rational tbeories of animal life : tbat is, of tbe pbenomena of 
irritability and sensibility, wbicb offer no basis of analogy witb in- 
organic pbenomena. Witb regard to sensibility, no one will ques- 
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tion this : and as to irriiability, — though oontractioa may be seen 
as a movement occasioaed by beat, and yet more, by electrîcity, 
thèse phenomena most be carefally separated from tlie contractile 
effect of tbe irritable fibre which is a product of the nervous action ; 
and especîally when ît is voluntary. Irritability is as radicaliy 
foreîgn to the inorganîc world as sensibility ; with which, too, it is 
Primitive înseparably connected. This double property is, then, 
nervouspro- strictly primitive in the secondary tissues, and there- 
perties, j^^-g ^^ more a subject of explanation than weight, 

heîit, or any other fiindamental physical property. Whenever \ve 
bave a true theory of animal life, it vvill be by comparing ail the 
gênerai phenomena which are connected with this double property, 
according to their preparatory analysis, in order to discover their 
laws ; that is, as in ail other cases, their constant relations, both of 
succession and similitude. This will be donc in order to the usual 
end of obtaining a rational prévision ; the subject hère being the 
mode of action of a given animal organism, placed in déterminât^ 
circumstances ; or, reciprocally, the animal arrangement that may 
be induced by any given act of animality. AU attempts to explore 
the nature of sensibility and irritability are mère hindrances in the 
way of this final aim, by drawing off our attention from the laws oE 
animality in a vain search after what can never be fonnd. 

The true relation of the animal to the organic life must throughout 
Relation of the ^® carefully kept in mind. This relation is double. 
animal to the The organic life first serves as the basis of the animal ; 
organic lije, qqJ ^\^qj^ ^g j^g gênerai end and object. We hâve 

dwelt enough on the fii'st, if even any one would think of con* 
testing that, in order to move and feel, the animal must first live; 
and that the fundamental végétative life could not cease without 
extinguishing the other. As for the second relation, it is évident 
that the phenomena of irritability and sensibility are directed by 
the gênerai needs of the organic life, which they serve by procuring 
better materials, and by guarding against unfavourable influences. 
Even the intellectnnl and moral functions bave usually no other 
primitive office. Without such a destination, thèse properties would 
either destroy the organism or themselves perish. It is only in the 
human species, and even there only under a high degree of civiliza- 
tion, that any kind of inversion of this order can be conceived of. 
In that case, the végétative life is essentially subordinated to the 
animal, the development of which it is alone destined to aid ; and 
this, it seems to me, is the noblest scientific notion that we can 
form of humanity, distinct from animality : — a transformation which 
can be safely considered as possible only by transferring to the 
whole species, or at least to society, the primitive end which, in 
the case of animais, is limited to the individual, or, at the utmost, 
to the family, as we shall see hereafter. It is only among a small 
number of men, and it is very far indeed from being a just matter 
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of expectatîon from the whole specîes, that tlie intellect can acquire 
«uch a prépondérance in the whole of the organism as to beconie the 
end and object of human existence. An exception so spécial, and 
fio easy to explain in the case of Man, cannot alter the universality 
of a considération verified by the whole animal kingdom, wherein 
the animal life is seen to be always destined to perfect the organic. 
It is ouly by a scientifîc abstraction, necessary for purposes of pro- 
gress, that we can provisîonally conçoive of the first as isolated from 
the second, which is, strictly speaking, inséparable from it under the 
double aspect just exhibited. Thus, as the positive theory of ani- 
mality must continually rest on that of gênerai vitality, it is indis-» 
Bolubly combined with the whole of incrganic philos- to inorganic 
ophy, which f urnishes the basis of organic physiology. pàiiosophy. 
In a seconda ry sensé, the same dependence exists. We admitted, 
while reviewîng mathematical philosophy, that the laws of equili- 
brium and motion operate among ail orders of phenomena, beîng 
absolutely universal. Among physiological phenomena we find 
them accordingly ; and, when contraction is produced by the irrita- 
bility of the muscular fibre, ail the phenomena of animal mechanics 
which resuit, whether for rest or locomotion, are dépendent on the 
gênerai laws of mechanics. In an inverse way the same thing 
takes place with regard to the functions of sensibility, in which the 
inorganic philosophy must intervene in connection with the primitive 
impression on the sentient extremities, carefuUy distinguished from 
its transmission by the nervous filament, and its perception by the 
cérébral organ. This impression acts through an intermediate 
physical apparatus, optical, acoustic, or other, the study of which, 
according to appropriate physical laws, constitutes a chief élément 
of the positive analysis of the phenomenon. Not only must we use 
the knowledge already established, but we want, for our analysis, 
further progress in it, and even the création of new doctrines, as 
the theory of flavours, and y et more of odours, in regard to the mode 
of propagation of which there are doubtless several gênerai laws, of 
a purely inorganic character, remaining to be established. In in- 
vestigating thèse connections between biology and inorganic science, 
we find again what we sawbefore, that chemistry is spontaneously 
related tovegetable physiology, and physics especially to animal physi- 
ology ; though neither could be altogether dispensed with in either 
department, where they are required more or less in combinatîon. 

Our ideas of the double property of irritability and sensibility 
cannot be truly scientific till each is irreversibly PropeHies 
assigned to a corresponding tissue. Bichat conceived ^f ^**«mc 
of ail tissues as necessarily sensitive and irritable, but in difierent 
degrees ; — an error which was natural or inévitable at a time wheu 
so little was known of tissue in the way of anatomical analysis, but 
one which, if maintained now, would hand over the whole science 
to the physico-chemical school, and efface ail real distinction be- 
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tweeo tlie ÎDorganic and organic departmeots oF oatard philoeophy; 
Bational bidogy requires that the two propertiea should be inhérent 
in determinate tisMies, — themselves modificationii» profonnd and 
dUtioctly marked, of the primitive œllnlar tiasue, — that our ana- 
tamical data may be in harmony with the physiological ; in other 
word«, that the elementary ideas of tîasne and of property should 
be in {lerfect oorrespondence. The ecientific character of physîolc^y 
in this direction is essentially defective among biologiste in generaL 
^^^^ But the new explorations oontinually made show us 
^'"'^^' how it was that Bichat waa misled. He oonsidered 
it proved that sensibility existed where there were no nenres : but 
f urther investigation proves that the sjmptoms of sensibility were 
erroneoiisly attribated to an organ deprived of nenres, instead of 
being referred to the simultaneous injury of neighbouring nerves ; 
or that the nervous tissue existed, thoiigh it was difficult to find. 
If cases apparently contradictory still remain, it would be obviously 
absurd to reject on their account a conception required by the 
principles of rational physioI(^, and founded on unquestionable 
cases, by far more numerous and décisive than those which still 
seem to be exceptional. This considération should be applied to 
différent organisms, as well as to the différent tissues of the human 
organism. The animais supposed to be without nerves, on which 
the metaphysical school bas insisted so mucli, disappear as com- 
parative anatomy enables us to generalize more and more the idea 
of nervous tissue, and to detect it in the inferior ovganism& It is 
thus, for instance, that it has been recently found în several radiated 
animais. The time bas come for its being estaUished as a philoso- 
))hical axiom that nerves are necessary for any degree of sensibility, 
the apparent exceptions being left as so many anomalies to be ixî* 
solved by the future progress of anatomical analysia. 

The same process muÀ be instituted with the common notions of 
iiTÎtability, which are still ruled by Bichat s theory. 
"^ * ^' He supposed, for instance, that the contractions of 
the heart were determined, independently of ail nervous action, by 
the immédiate stimulus of the flow of the blood towards it ; whereas, 
it is now established that a provision of nerves is as indispensable 
to the irritability of this muscle as of any other ; and generally, 
that the great distinction laid down by Bichat, between organic and 
animal contractility, must b^ abandoned. AU irritability is then 
necessarily aninrnl ; that is, it requires a corresponding nervous 
provision, wliatever may be the immédiate centre from which the 
nervous action proceeds. Much illustration of this subject is needed 
for its scientific use, thou<2:h not for the logical sanction of a principle 
already placed beyond dispute. We need this further enlighten- 
ment, not only in regard to the use of the modem distinction made 
by many physiologîsts between the sensory and the motory nerves, 
ihough such ^ question has consideiuble philosophijcal importance ; 
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but much more în regard to ânother considération, mote direct ând 
more emînent, in regard to which we are in a »tate of most incon- 
vénient uncertainty and obscurity: I mean tbe scientific distinction 
which mast b© maintaîned, sooner or later, between the voluntary 
and involuntary motions. The doctrine of Biohat had the advan* 
tage of representîng thîs différence, which we see, în fact, to hâve 
iurnished him with his chief argnnients; whereas, now that we 
insist on irritability being of one kind only, and dépendent on a 
nervoas provision, we find ourselves involved in a very délicate 
fundamiental difficulty, the soUition of which is however indispen- 
sable, to enable ns to understand how aJl motions must not be 
indistinctly voluntary. For this solution we must obtain— what 
we certainly hâve not îis j''et— an exact co-ovdination of anatomical 
différences with incontestable physiological différences* ïhere can 
be no question that such a phenomenon as the voluntary movements 
of th^ locomotive muscles while that of the cardiac muscle remains 
absolutely involuntary, must admit of analysis, Iwwever difiîcult it 
niay be. Hère then we find a chasm among the very principles 
of the science, by which the positive theory of irritability is much 
perplexed, certain as is its pvinciple; In almost ail cases the ablest 
anatomist is unable io décide otberwise than by the fact itself, if 
any definite motion is necessarily voluntary or involuntary ; which 
affords snfflcient proof of the absence of any real law in the case. 
The solution will probably be obtained by an analysis of the inter- 
inediate motions, as we may call them,— those which, involuntary 
at first, end in becoming voluntary ; or the reverse- Thèse cases, 
which are very common, appear ta me eminently fit to prove that 
the distinction between voluntary and involuntaiy motions arises 
irom no radical différence of muscular irritability, but only from tbe 
mode, and perhaps the degree of innervation, modified by long 
Jiabit. If this be as generally true as it seems to be in some cases 
of acquired control, it must be supposed that the most involuntary 
motions, which are those most indispensable to life, would hâve 
been susceptible of voluntary suspension (not even exôepting the 
motions of the heart) if their incessant rigorous necessity had not 
liindered the contraction of suitable habits in their case, While w© 
conclude it to be probable that the différence between the twokinda 
of motion proceeds indirectly from tlie action of the entire nervous 
System upon the muscular system, we cannot help perceivîng how 
'greatly science stands in need of a thorough new examination iuto 
this obscure fact. 

This brief survey shows us the gênerai imperfection of the study 
of animality, We shall find that even in the départ- p>f^ç^t gt^te 
ment of the primitive analysis of its gênerai pheno- of ancUpsié oj 
mena, in which it appears so superior to that of the «"*'w»^*^y- 
organic life, it is very far indeed from being yet fit for exploration 
by positive laws. 
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In regard to irritability, first, — ^the mechanLsm of no animal 
movement has yet been satisf actorily analysed, — ail tl le 
^'"'^""^^ • chîef cases beîng still the subject of radical controvei*sy 
among equally qualîfied pbysiologists. We retaia a vicions dis- 
tinction among movements, contrary to ail mecbanical judgment, — 
a distinction between the gênerai motion which displaces the wbole 
mass, and the partial motions which snbserve the organic life, — as 
for the réception of aliment, or the expulsion of any residuum, or 
the circulation of fliiids ; yet the first order are partial, though their 
object is unlike that of the second ; for, in a mecbanical view, the 
organism allows of no others. By the great laws of motion, the 
animal can never displace its centre of gravity by interior motion, 
without co-operation from its environment, any more than a steam- 
carriage which should work without friction on a horizontal plane, 
turning its wheels without resuit. The movements which produce 
locomotion are not mechanically différent from those, for instance, 
whîch carry food along the alimentary canal ; — the différence is in 
the apparatus, which, for locomotion, consists of exterior appendages, 
80 disposed as to cause a reaction in the médium, which produces 
the displacement of the whole body. Certain mollusks furnish an 
illustration of this, when they change their place by means of con- 
tractions of the cardiac muscle, or of intestinal muscles. The sim- 
plest notions of animal mechanics being thus obscured and corrupted 
in their origin, it is no wonder that the pbysiologists still dispute 
about the mechanism of the circulation, and most of the means of 
locomotion, as leaping, flying, swimming, etc. In the way in which 
they proceed, they are remote from any mutual understanding, and 
the most opposite opinions may be maintained with equal plausi- 
bility. It needs but a word to suggest to those who bave attended 
to what has gone before, that this extrême imperfection results from 
the inadéquate and faulty éducation of pbysiologists, who are too 
often ignorant of the înorganic science which is hère directly în- 
volved. The complexity of the animal apparatus, and the impos- 
sibility of bringing the primitive moving powers under any mathe- 
matical theory, will for ever forbid the application of numerical 
methods : but the great laws of equilibrium and motion are 
applicable, through ail varieties of apparatus, and are the same in 
animal mechanics, or celestial, or industrial, or any other mechanics 
whatever. Some pbysiologists, finding their difficulty, hâve handed 
over their study to the geometers and physicists : and thèse, with 
their habits of numerical précision, and their ignorance of anatomy, 
bave brought ont only absurd results. The remedy is, as we know, 
in the work being consîgned to pbysiologists, duly prepared by a 
sufficient training in inorganic science, The study of animal sounds, 
or phonation, for instance, cannot be carried on to any purpose 
without such knowledge as physicists bave of the theory of sound ; 
and the gênerai production of the voice, and the différences of uttcr- 
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ance among animais, requîre for tlieîr explanatîon a knowledgè afc 
once of acoustics and anatomy ; and speech itself requires thîs pré- 
paration no less, while demanding other requisites with it. It is 
to be hoped that ail expérience, in each department of scîentîfic 
înquîry, will convince students more and more of the folly and mîs- 
chief of the anarchical parcelling ont of natural philosophy ; but the 
physiologists are those who, above ail, must see the need of a better 
organization of scientific labour, — so remarkable as is the subordina- 
tion of their particular science to ail that hâve gone before. 

The analysis of the phenomena of sensibility is not more satis- 
iactory than that of irritability : and even less so, if we leave out of 
the account the gi-eat knowledgè that we hâve obtained, by anatom- 
ical study, of the corresponding organs; a knowledgè which, how- 
ever, must hère be connected with physiology. The least imperfect 
part of thîs study relates to the simple exterîor sensations. The 
phenomenon of sensation is composed of three ele- Exteriar 
ments, as we hâve seen : the impression of the external sensation. 
agent or the nervous extremities, by the aid of some physîcal appa- 
ratus ; the transmission by the nervous fibre ; and the réception by 
the cérébral organ. The first of thèse suggests, like the mechanical 
facts we bave been considering, the immédiate dependence of the 
phenomenon on the laws of the inorganic world ; as the relation of 
the theory of vision to optics : of the theory of hearing to acoustics, 
in ail that concerns the mode of action proper to the apparatus of 
gight and hearing. And yet, more expressly than even in the case 
of mechanîcs, bave thèse théories been delivered into the hands of 
the physicists, who, again, bring out results from their treatment of 
them which are manifestly absurd. The only différence between 
this case and the preceding is that the metaphysicians hâve kept a 
longer hold upon this part of animal physiology, — the theory of 
sensations havmg been abandoned to them till a very récent time. 
It was not, indeed, till Gall împarted bis ever-memorable impulse 
to the investigation, that physiologists claimed this department at 
ail. It is no wonder, therefore, that the positive theory of sensa- 
tions is less well conceived, and more récent, than that of motion ; 
and naturally more imperfect, independently of its superior diflîculty, 
and the backwardness of those branches of physics to which it 
relates. The simplest modifications of the phenomenon of vision 
and of hearing cannot as yet be referred with certainty to deter- 
jninate organic conditions; as, for instance, the adjustment of the 
eye to see distinctly at very varions distances ; a faculty which the 
physiologists bave allowed the physicists to attribute to varions 
circumstances of structure, always illusory or inadéquate, the 
physiologists the while playing the part of critice^ înstead of appro- 
priating a study which belongs exclusively to them. Even the 
limits of the function are usually very vaguely defined : that is, the 
kind of exterior notions furnished by each sensé, abstracted from.. 
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ail ÎDtelIectnal reflection, U rarelj circanificribed wifh aoy distioct^ 
ncM. Thns it is no wonder if we are still igoorant of sdniost ail 
positive laws of sight and hearing, and eren of smell and taste. — 
The onlj point of doctrine, or ratber of metbod, that we may con- 
BÎder to hâve attained any acientific stability, ts the fundaoïental 
order in which tlie différent kinds of sensations shonld be studied : 
and this notion has been snpplied by comparative anatomy ratfaer 
than by physiology. It consista in classifying the sensés by their 
increasing speciality, — beginning with the nniversal sensé of contact, 
or tonch, and proceeding by degrees to the four spécial sensés, taste, 
smell, sight, and finally, hearing. This order is rationally deter- 
rained by the analysis of the animal séries, as the sensés mast be 
considered mora spécial and of a higher kind in proportion as they 
disappear from the lower degrees of tiie zoological scale. It is 
reraarkable that this gradation coincides with the degree of impor«> 
tance of the sensation in regard to sociality, if not to inteHigence. 
Unhappihr, it measures yet more evidently the increasing imper- 
fection of the thcory.— We ought not to pass over the luminous 
distinction introdnced by Gall between the passive and the active 
state of each spécial sensé. An analogous considération to this, 
but more fundamental, would consist, it seems to me, in distinguish* 
ing the sensés themselves as active and passive, acconling as their 
action is, from their nature, voluntary or invoUintary. This dis- 
tinction seems very marked in the case of sight and hearing ; the 
one requiring our free participation, to a certain extent, while the 
other affects us without our will, or even our consciousness. The 
more vague, but more profound influence that music influences over 
us than we receîve from paînting, seems to be chiefly attributable 
to such a diversity. An analogous différence, but less marked, 
exists between taste and smell. 

There is a second class of sensations, forming the natural tran- 
initrwr sitiou from the study of the sensations to that of the 
HPiotion. affective and întellectual functions, which ail physîo- 
logists, since the time of Cabanis, and yet more, of Gall, bave 
found ît necessary to admît, to complète the study of the sensa* 
tiens. They are the interior sensations which relate to the satis- 
faction of the natural wants ; and, in a pathological state, the pains 
pix>duced by bodily altération. Thèse are still more indispensable 
than the fîrst to the perfection of the organic life ; and, though they 
procure no direct notions of the external world, they radically 
modify, by their intense and continuons action, the gênerai course 
of întellectual opérations, which are, in most animal specîes, en- 
tîrely subordinated to them. This great department of the theory 
of sensations is even more obscure and unadvanced than the fore- 
goîng. The only positive notion which is faîrly established in 
regard to it is that the nervous System is indispensable to both 
kinds of sensibîlity. 
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. Once agaÎQ we see how the extrême îniperfection of doctrine hère 
is o\iring to the imperfection of method ; iind that again, as before, 
to the inadéquate préparation of the inquirers to whom the study 
belongs. It is a great thîng, however, to hâve withdmwn the 
subject from the control of the metaphysicians ; and some labours 
of contemporary physiologiste authorize us to hope that the true 
spirit of the inquiry is at length entered into ; and that the study 
of the sensations will be directed, as it ought to be, to develop the 
radical accordance between anatoraical and physiological analysis. 

Having reviewed the two orders of animal functions, we must 
consider the complementary part of the theory of Moàtof 
nnimality ;— the ideas about Ibe mode of action o/Aion of 
which are common to the phenomena of irritability «»»*«*«^%- 
and sensibility. It is true, thèse ideas belong also to intellectual 
and moral phenomena ; but we must review them hère, to com- 
})lete our delineation of the chief aspects of the study of animal 
lifa ( 

The considérations about such mode of action naturally divide 
themselves into two classes: the one relating to tlie function of 
either motion or sensation, separately; and the other to the associa- 
lion of the two functions. The first may relate to either the mode 
or the degree of the animal phenomenon. Pollowing this order, 
the first theory that présents itself is that of the ^ , 
intermittence of action, and consequently, that of 
habit, which results from it. Bichat was the first who pointed out 
the intermittent chariicter of every animal faculty, in contrast with 
the continuousness of végétative phenomena. The double move- 
ment of absorption and exhalation which constitutes life could not 
be suspended ibr a moment without determining the tendency to 
disorganization : whereas, every act of irritability or sensibility is 
iiecessarily intermittent, as no contraction or sensation can be cou- 
ceived of as indefinitely prolonged ; so that continuity would imply 
as great a contradiction in animal life as interruption in the organic. 
AU the progress made, during the présent century, in physiological 
anatomy, lias contributed to the perfecting of this theory of inter- 
mittence. Eationally understood, it applies immediately to a very 
extensive and important class of animal phenomena; that is, to 
those which belong to the différent degrees of sleep. The state of 
sleep thus consists of the simultaneous suspension, ^ 
for a certain time, of the principal actions of irrita- ^' 

bility and sensibility. It is as complète as the organizatîon of the 
superior animais admits when it suspends ail motions and sensations 
but such as are indispensable to the organic life,— their activity 
being also remarkably dimiuished. The phenomenon admits of 
great variety of degrees, from simple somnolence to the torpor of 
hibernating animais. But this theory of sleep, so well instituted 
by Bichat, is still merely initiated^ and présents many fundamental 
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difficalties, wfaen we consider thechief modifications of èoch a siate, 
even the organic conditions of which are veiy imp^ectly known, 
except the stagnation of the venons blood in the brain, which 
appears to be generalljan indispensable preliminaiy to ail extended 
and durable lethargy. It is easy to conçoive how the prolonged 
activity of the animal fnnctions in a waking state may, by the law 
of intermittence, occasion a proportîonal suspension : bnt ît is not 
so easy to see why the suspension should be total when the activity 
lias been only partial. Tet we see how profound is the sleep, 
intellectual and muscular, induced by fatigne of the muscles alone 
in men who, while awake, hâve given very little exercise to their 
sensibility, interior, or even exterior. We know still less of incom- 
plète sieep ; especially when only a part of the intellectual or affec* 
tive organs, or of the locomotive apparatus is torpid ; wbence arise 
dreams and varions kinds of somnambulism. Tet such a state bas 
certainly its own gênerai laws, as well as the waking state. Some 
experiments, not duly attended to, perhaps justify the idea that, in 
animais, in which tbe cérébral life is mnch less varied, the nature 
of dreams becomes, to a certain point, susceptible of being directed 
at the pleasure of the observer, by the aid of extemal impressions 
produced, during sleep, upon the sensés whose action isinvoluntary; 
and especially smell. And in the case of Man, there is no thonght-* 
fui physician who, in certain diseases, does not take into the account 
tbe habituai character of the patient s dreams, in order to perfect 
tbe diagnosis of maladies in which the nervous System is especially 
implicated : and tbis supposes that tbe state is subject to determi- 
nate laws, thougb tbey may be unknown. But, bowever imperfeet 
the theory of sleep may still be, in thèse essential respects» it is 
fairly constituted upon a positive basis of its own ; for, looked at 
as a whole, it is eocplatned, according to the scientific acceptation 
of the term, by its radical identity w^ith the phenomena of partial 
repose offered by ail tbe elementary acts of tbe animal life. When 
tbe theory of intermittence is perfected, we shall, I imagine, adopt 
Gall's view of Connecting it with tbe symmetry which cbaracterizcs 
ail tbe organs of animal life, by regarding the two parts of the 
symraetrical apparatus as alternately active and passive, so that 
their fnnction is never siranltaneous : and tbis, as mucb in regard 
to the external sensés as tbe intellectual organs. AU tbis, bowever, 
deserves a fresh and thorougb investigation. 

The theory of Habit is a sort of necessary appendix to that of 
intermittence; and, like it, due to Bichat. A con- 
tinuons phenomenon would be, in fact, capable of 
persistence, în virtue of tbe law of inertia ; but intermittent pheno- 
mena alone can give rise to habits, properly so called : that is, can 
tend to reproduce themselves spontaneously througb the influence 
of a prelirainaiy répétition, suflicîently prolonged at suitable inter- 
vais. The importance of tbis animal property is now universally 
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acktiowledged among able înquîrers, who see în ît one of the chîef 
bases of the graduai perfectibility of animais, and especially of Man. 
l^hroiigh tbîs it is that vital phenomena may, în some sort, partîci- 
îpate in the admirable regularity of those of the inorganic world, by 
becoming, like them, periodical, notwithstanding their greater com- 
plexity. Thence also results the transformation; — optional up to a 
certain point of inveteracy of habit, and inévitable beyond that 
point, — of voluntary acts into involuntary tendencies. But the 
study of habit is no further advaneed than that of intermittence, in 
regard to its analysis : for we bave paid more attention hitherto to 
the influence of habits once contracted than to their origin, with 
regard to which scarcely any scientific doctrine exists. What is 
known lies in the department of natural history, and not în that of 
biology. Perhaps it may be found, in the course of scientific study, 
]that we bave been too hasty in calling thîs an animal property, 
though the animal structure may be more susceptible of it. In 
fact, there is no doubt that inorganic apparatus admîts of a more 
easy reproduction of the same acts after a suflicient regular and 
prolonged réitération, as I had occasion to observe in regard to the 
phenomenon of sound : and thîs is essentially the character of animal 
habit. According to thîs view, which I commend tq the attention 
of biologists, and which, if true, would constitute the most gênerai 
point of view on thîs subject, the law of habit may be scîentifically 
attached to the law of inertîa, as geometers understand it in the 
positive theory of motion and equilibrium. 

In examining the phenomena common to irritabilîty and sensi- 
bility under the aspect of their activity, physiologists bave to 
examine the two extrême terms, — exaggerated action, and insuffi- 
cient action, in order to détermine the intermediate normal degree : 
ibr the study of intermediate cases can never be successfully under- 
taken till the extrême cases which comprehend them bave been 
first examined. 

ïhe need of exercîsîng the faculties is certaînly the most gênerai 
and important of ail those that belong to the animal Need of 
lîfe : we may even say that it comprehends them ail, activUy. 
if we exclude what relates merely to the organic life. The existence 
of an animal organ is enough to awaken the need îmmediately. 
We shall see, în the next volume, that thîs considération is one of 
tliechîef bases that social physics dérives from îndividual physîology. 
Unhappily thîs study is still very împeifect with regard to most of 
the animal functions, and to ail the three degrees of their activity. 
To it we must refer the analysis of ail the varied phenomena of 
pleasure and pain, physical and moral. The case of defect bas been 
even less studied than thatof excess ; andyet its scientific examina- 
tion is certaînly not less important, on account of the theory of 
ennuiy the considération of which is so prominent îu social physics, 
— not only in connection with an advaneed state of ciyilization, but 
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even in thc roughest periods, in which, as we «hall see hereafter, 
ewaui 18 one of the chief moring springs of social evolation. As 
for the intennediate degree, wliich characterizes heaith, welfare, 
and finally happiness, it cannot be well treated till the extrêmes are 
better understood. The only positive principle yet established in 
this part of physiology is that which prescribes that we should not 
contemplate this normal degree in an absohite manner, bnt in sub- 
ordination to the intrinsic energy of the corresponding faculties ; as 
iK)pn1ar good sensé has already admitted, however difficnlt it may 
()e practically to confoim to the precept in social matters, from Uie 
unreflecting tendency of every man to erect himself into a necessary 
type of the whole species. 

We hâve now only to notice, fnrther, the third order of considéra^ 
tions ; the study of the association of the animal fnnctions. 
This great subject should be divided into two parts, relating to 
Aêsociaiion of ^^^ sympatlites, to which Bichat has snfficîently drawn 
tke animal the attention of physiologists, and the synergies, ns 
funaums. Barthez has calleîi them, which are at présent too 
much neglected. The différence between thèse two sorts of vital 
association corresponds to that between the normal and the patho* 
logical States : for there îs synergy whenever two organs concur 
simultaneousiy in the regular accomplishment of any function ; 
whereas sympathy supposes a certain perturbation, momentary or 
permanent, partial or gênerai, which has to be stopped by the 
intervention of an organ not primarily affected. Thèse two modes of 
physiological association are proper to the animal life, any appear- 
nnce to the contrary being due to the influence of animal over 
organic action. The study is fairly established on a rational basis ; 
the physiologîsts of onr time seeming to be ail agreed as to the 
iiervons System being the necessary agent of ail sympathy ; and 
this is enough for the foundation of à positive theory. Beyond this, 
we hâve only disjointed though numerous iaci^, The study of the 
synergies, though more simple and better circumscribed, does not 
présent, as yet, a more satîsfactory scientific character, either as to 
the mutual association of the différent motions, or as to the différ- 
ent modes of sensibility ; or as to the more gênerai and complex 
association between the phenomena of sensibility and those of irri- 
tability. And yet this great subject leads directly to the most 
important theory that physîology can finally présent, — that of the 
fundamental unity of the animal organism, as a necessary resuit of 
n harmony between its varîous chief functîons. Hère alone it îs 
that, taking each elementary faculty in its normal state, we canfind 
the Sound theory of the Ego, so absurdly perverted at présent by 
the vain dreams of the metapliysicians : for the gênerai sensé of the 
7is certainly determîned by the equilibrium of the faculties, the 
difiturbance of which impairs that consciousness so profoundly in 
xnnriy diseases. 
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CHAPTER VI. 

INTELLECTUAL AND MORAL, OR CEREBRAL FUNCTIONg. 

The remaîning portion of biologîcal phîlosophy is thafc which re- 
lates to the Btiidy of the affective and intellectual facultîes, which 
leads 118 over from individual physiology to Social Physîcs, as végé- 
tative phyriology does from the inorganic to the organic philosophy. 
While Descartes was rendering to the world the glorious service 
oF instituting a complète System of positive philo- sh&rtcomm^ 
sophy, the reformer, with ail his bold energy, wajî of Descartes. 
imable to raîse hîmself so far above his âge as to give its complète 
logîcal extension to his own theory hy compi^hending in it the part 
of physiology that relates to intellectual and moral phenomena. 
After having institiited a vast mechanical hypothesis upon the 
fundamenlal theory of the most simple and universal phenomena, 
he extended in snccefision the same philosophical spirit to the 
différent elementary notions relating to the inorganic world ; and 
finally subordinated to it the study of the chief physical fonctions 
of the animal orgîmîsm. But, when he arrived at the functions of 
the affections and the intellect, he stopped abruptly, and expressly 
constituted from them a spécial study, as an appartenance of the 
raetaphysîco-theological philosophy, to which he thus endeavoured 
to give a kind of new life, after having wroiight far more success- 
fully in sappîng its scîentific foundations. We hâve an unquestion- 
able évidence of the state of his mind in his celebrated paradox 
abolît the intelligence and instincts of animais. He called brutes 
automata, rather than allow the application of the old philosophy 
to them. Being unable to pnrsue this method with Man, he 
delivered hîm over expressly to the domain of metaphysics and 
theology. It is difHcult to see how he could bave donc otherwise, 
in the then cxisling state of knowledge : and we owe to his strange 
hypothesis, which the physîologists went to work to confute, the 
clearing away of the partition which he set up between the study 
of animais and that of Man, and consequently, the entire élimination 
among the liigher order of investigators, of theological and meta- 
physîcal phîlosophy, What the first contradictory constitution of 
the modem philosophy was, we may ^ee in the great mstorp tui 
work of Malebranche, who was the chief interpréter OaWs'time. 
of Descartes, and who shows how his philosophy continued to apply 
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to tlie most complex parts of the intellectiial System the same 
tnethods which had been shown to be neoessarily futile with regard 
to the simplest subjects. It is necessary to indicate this state of 
things because it bas remained essentially unaltered durîng the last 
two centuries, notwithstanding the vast progress of positive science, 
which bas ail the while been gradually preparing for its inévitable 
transformation. The school of Boerhaave left Descartes*s division 
of subjects as they found.it : and if they, the successors of Descartes 
in physiology, abandoned this department of it to the metaphysical 
method, it can be no wonder that intellectual and moral phenomena 
remained, till this century, entirely excluded from the great scien- 
tific movement originated and guided by the impulse of Deseartes. 
The growing action of the positive spirit bas been, during the 
>vhoIe succeeding interval, merely critical, — ^attacking the inefficacy 
of metaphysical studies, — exhibiting the perpétuai reconciliation of 
the naturalists on pointe of genuine doctrine in contrast to the in- 
cessant disputes of varions metaphysicians, arguing still, as from 
Plato downwards, about the very éléments of their pretended 
science : this criticism itself relating only to results, and still offer- 
ing no objection to the supremacy of metaphysical philosophy, in 
the study of Man, in bis intellectual and moral aspects. It was 
not till our own time that modem science, with the illustrions 
Gall for its organ, drove the old philosophy from this last portion 
of its domain, and passed on in the inévitable course from the 
critical to the organic state, striving in its turn to treat in its own 
way the gênerai theory of the highest vital functions. However 
imperfect the fîrst attempts, the thing is doue. Subjected for half 
a century to the most décisive tests, this new doctrine bas clearly 
manifested ail the indications which can guarantee the indestruct- 
ible yitah'ty of scientific conceptions. Neither enmity nor irrational 
advocacy lias hindered the continuons spread, in ail parts of the 
scientific world, of the new System of investigation of intellectual 
and moral man. AU the signs of the progi*essive success of a 
liappy philosophical révolution are présent in this case. 

The positive theory of the affective and intellectual functions is 

p ^. therefore settled, iireversibly, to be this : — it consists 

thewy of iu the expérimental and rational study of the pheno- 

Certhrai mena of interior sensibility proper to the cérébral 

functums. ganglions, apart from ail immédiate external appar- 

atus. Thèse phenomena are the most complex and the most spécial 

of ail belonging to physiology ; and therefore they bave naturally 

been the last to attain to a positive analysis ; to say nothîng of their 

relation to social considérations, which must be an impediment in 

the way of their study. This study could not précède the principal 

Its proper scientific conceptions of the organic life, or the first 

ïdace, notions of the animal life; so that Gall must foUow 

jSichat : and our surprise would be that be followed him so soon. 
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îf the niaturîty of hîs task dîd not explaia ît sufficîently. The 
grounds of my provisional séparation of this part of physiology 
from the province of animal life generally are — the eminent diflfer- 
ences between this order of phenomena and those that hâve gone 
before, — their more direct and striking importance, — and, above 
ail, the greater imperfection of our présent study of them. This 
new body of doctrine, thus erected into a third section of physiology, 
will assume its true place within the boundaries of the second wheu 
we obtain a distincter knowledge of organic, and a more philo- 
sophical conception of animal physiology. We must bear in mind 
what the proper arrangement should be, — ^this third department 
differing much less from the second than the second differs from 
the first. 

We need not stop to draw ont any parallel or contrast betweeu 
phrenology and psychology. Gall has fuUy and vices o/Psy- 
clearly exposed the powerlessness of metaphysical choiogicai 
methods for the stuay of intellectual and moral *y*^*""- 
phenomena : and in the présent state of the human mind, ail 
discussion on this subject is superâuous. The great philosophical 
cause is tried and judged ; and the metaphysicians hâve passed from 
a state of domination to one of protestation, — in the learned world 
at least, where their opposition would obtain no attention but foi* 
the inconvenience of their still impeding the progress of popular 
reason. The triumph of the positive method is so decided that it 
is neediess to dévote time and effort to any démonstration, except 
in the way of instruction : but, in order to characterize, by a strik- 
ing contrast, the true gênerai spirit of phrenologîcal physiology, it 
may be useful hère to analyse very briefly the radical vices of the 
pretended psychological method, considered merely in regard to 
ivhat it has in common in the principal existing schools ; — in thoso 
called the French, the German, and (the least consistent and also 
the least absurd of the three) the Scotch school : — that is, as far 
as we can talk of schools in a philosophy which, by its nature, must 
engender as many incompatible opinions as it has adepts gifted with 
any degree of imagination. We may, moreover, refer confidently 
to thèse sects for the mutual réfutation of their most essential 
points of diflference. 

As for their fundamental principle of interior observation, it 
would certainly be superfluous to add anything to Method 
what I hâve already said about the absurdity of the interior * 
supposition of a man seeîng himself think. It was observation. 
well remarked by M. Broussais, on this point, that such a method, 
if possible, would extremely restrict the study of the understanding, 
by necessarily limiting it to the case of adult and healthy Man, 
without any hope of illustrating this difficult doctrine by any com- 
parison of différent âges, or considération of pathological states, 
whiçh yet are unanimously recognized as indispensable auxiliaries 
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in the simplest resd^rches about Man. But, f urther, we mast bè 
àlso struck bj the absolute interdict which is laid upon ail intel- 
lectual and moral study of animais, fi-om whom the psychologiâts 
can hardly be expectîng any interior observation. It seems rather 
Btrange that the philosophera who bave so attennated this immense 
subject should be tbose who are for ever reproaching their adver- 
saries with a want of comprehensîveness and élévation. The case 
of animais is the rock on which ail psychôlogical théories havé 
split, since the naturalists hâve compelled the metaphysicians to 
part with the singular expédient imagined by Descartes, and to 
admit that animais, in the nigher parts of the scale at least, manr* 
fest most of our affective, and even intellectual faculties, with mère 
différences of degree ; a fact which no one at this day ventures to 
deny, and which is enough of itself to demonstrate the absardity of 
thèse idle conceptions. 

Becurring to the first îdeas of philosophical common sensé, it is 
at once évident that no function can be stadied but with relation 
to the organ that fnlfils ît, or to the phenomena of its fnlfilment : 
and, in the second place, that the affective functions, and yet more 
the intellectual, exhibit in the latter respect this particular charac- 
teristic, — that they cannot be observed daring their opération, but 
only in their results, — more or less immédiate, and more or lésa 
durable. There are then only two ways of studyrng such an order 
of functions ; either determining, with ail attainable précision, the 
various organic conditions ©n which they dépend, — ^wliieh is the 
chief object of phrenological physiology ; or in directly observing 
the séries of intellectual and moral acts, — ^which belongs rather to 
natural history, properly so called : thèse two inséparable aspects of 
one subject being al ways so conceived as to throw lîght on each 
other. Thns regarded, this great study is seen to be indîssolubly 
connected on the one hand with the whole of the foregoing parts of 
natural philosophy, and especially with the fundamental doctrines 
of biology ; and, on the other hand, wtth the whole of history,— of 
animais as well as of man and of humanily. But when, by the 
pretended psychôlogical method, the considération of both the agent 
and the act is discarded altogether, what material can remain but 
an unintelligible conflict of words, in which merely nominal entities 
are substituted for real phenomena ? The most difficult study of ail 
is thus set up in a state of isolation, without any one point of sup* 
port in the most simple and perfect sciences, over which it is yet 
proposed to give it a majestic sovereignty : and in this ail psycholo- 
gists agrée, however extrême may be their différences on otlier 
points. 

About the method of psychology or ideology, enough lias been 
saîd. As to the doctrine, the first glance shows a radical fault in 
it, common to ail sects, — a false estimate of the gênerai relations 
between the affective and the intellectual faculties. However vari- 
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ous may be the théories about the prépondérance of tlie latter, ail 
metapbysicîans assert tbat prépondérance by mak- Doctrine. 
ÎDg thèse facultîes theîr starting-poînt. The intel- Relation be- 
lecfe îs almost exclusively the subject of theîr specu- j^tlveand 
latîons, and the affections bave been almost entirely inteUectucU 
neglected ; and, moreover, always subordinated to the /«««^^»«- 
underatanding. Now, such a conception représenta precîsely the 
reverse of the reality, not only for aninaals, but also for Man : for 
daîly expérience shows that the affections, the propensitîes, the 
passions, are the great sprîngs of human life ; and that, so far from 
resulting from intelligence, their spontaneous and indépendant 
impulse is indispensable to the first awakening and continuons 
development of the varions intellectual faculties, by assigning to 
them a permanent end, withoutwhich — tosaynothing ofthevague- 
ness of their gênerai direction — they would remain donnant in the 
majority of men. It is eveoibut too certain that the least noble 
and most animal propensîties are habitually the most enei-getîc, and 
therefore the most influentiaL The whole of human nature is thus 
very unfaithfully represented by thèse futile Systems, which, if 
noticing the affective faculties at ail, hâve vaguely connected them 
with one single principle, sympathy, and, above ail, self-conscious- 
ness, always supposed to be directed by the intellect Thus it is 
that, contrary to évidence, Man bas been represented as essentially 
a reasoning being, contînually carrying on, unconsciousTy, a multi- 
tude of imperceptible calculations, with scarcely any spontaneity of 
action, from infancy upwards. Thîs false conception has doubtless 
been supported by a considération worthy of ail respect, — that it is 
by the intellect that Man is modified and improved ; but science 
requires, before ail things, the reality of any views, independently 
of their desirableness ; and it is always this reality which is the 
basis of genuine utility. Without denying the secondary influence 
of such a view, we can show that two purely philosophical causes, 
quite unconnected with any idea of application, and inhérent in the 
nature of the method, bave led the metaphysicians of ail sects to 
this hypothesis of the supremacy of the intellect. The first is the 
radical séparation which it was thought necessary to make between 
brutes and man, and which would bave been effaced Brutes and 
at once by the admission of the prépondérance of the '^«»- 
affective over the intellectual faculties ; and the second was the 
necessity that the metaphysicians found themselves under, of pre- 
serving the unity of what they called the /, that it mîght corre- 
spond with the unity of the soûl, in obédience to the réquisitions of 
the theological philosophy, of which metaphysics is, 
as we must ever bear in mind, the final transformation. ^^'^ 
But the positive philosophens, who approach the question with the 
simple aim of ascertaining the true state of things, and reproducing 
it with ail possible accuracy in their théories, hâve perceived that. 
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according to unîversal expérience, human nature îs^ so far fron^ 
being single that it îs emînently multiple; that is, usually induced 
in yarious directions by distinct and independent powers, among 
which equilibrium is estalilished with extrême difiSculty when, as 
usually happens in civilized life, no one of them is, in itself, sufficî- 
ently marked to acquire spontaneously any considérable prépondér- 
ance over the rest Thus, the famous theory of the Zîs essentially 
without a scientific object, since it is destîned to represent a purely 
fictitious state. There is, in this direction, as I bave already pointed 
ont, no otlier real subject of positive investigation than the study 
of the equilibrium of the varions animal functions, — ^both of irrita* 
bility and of sensibility, — which marks the normal state, in which 
each of them, duly moderated, is regularly and permanently 
associated with the whole of the others, according to the laws of 
sympathy, and yet more of synergy. The very abstract andindiiect 
notion of the / proceeds from the continuous sensé of such a 
harmony; that is, from the universal accordance of the entire 
organism. Psychologists hâve attempted in vain to make ont of 
this idea, or rather sensé, an attribute of humanity exclusively. It 
is evidently a necessary resuit of ail animal life ; and therefore it 
must belong to ail animais, whether they are able to discourse upon 
it or not. No doubt a cat, or any other vertebrated animal, with- 
out knowing how to say " I," is not in the habit of taking itself for 
another. Moreover, it is probable that among the superior animais 
the sensé of personality is still more marked than in Man, on account 
of their more isolated life ; though if we descended too far in the 
zoological scale we should reach organisms in which the continuous 
dégradation of the nervous System atténuâtes this compound sensé, 
together with the varions simple feelings on which it dépends. 
It must not be overlooked that though the psychologists hâve 
nmwïi and agreed in neglectingtheintellectual and moral faculties 
Instinct. of brutcs, which hâve been happily left to the natu- 

ralists, they hâve occasioned great mischief by their obscure and 
indefinite distinction between intelligence and instinct, thus setting 
iip a division between hui;nan and animal nature which bas had too 
much éffect even upon zoologists to this day. ïhe only meaning 
that can be attributed to the word instinct, is any spontaneous 
impulse in a determinate direction, independently of any forejgn 
influence. In this primitive serise, the term evidently applies to 
the proper and direct activity of any faculty whatever, intellectual 
as well as affective ; and it therefore does not conflict with the term 
intelligence in any way, as we so often see when we speak of those 
who, without any éducation, manifest a marked talent for music, 
painting, mathematics, etc. In this way there is instinct, or 
rather, there are instincts in Man, as much or more than in brutes. 
If, on the other hand, we describe intelligence as the aptitude to 
modify conduct in conformity to the circurastances of each case,— 
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which, in fact, îs the raaîa practîcal attribute of reason, îa îts 
proper sensé, — it îs more évident than before that tliere is no other 
essential ditference between humanity and anîmality than that of 
the degree of development adrnitted by a faculty which is, by its 
nature, common to ail animal life, and without which it conld not 
even be eonceived to exist. .Thus the famous scholastic définition 
of Man as a reasonahle animal offers a real no-meaning, since no 
animal, especially in the higher parts of the zoological scale, could 
live without beîng to a certain extent reasonahle, in proportion 
to the complexity of its oiganism. Though the moral nature of 
animais has been but little and very imperfectly explored, we can 
yet perceive, without possibility of mistake, among those that live 
with us and that are familiar with us, — ^judging of them by the 
same means of observation that we should employ about men whose 
language and ways were previously unknown to us, — that they not 
only apply their intelligence to the satisfaction of their organîc 
wants, much as men do, aiding themselves also with some sort of 
language ; but that they are, in like manner, susceptible of a kind 
of wants moire disinterested, inasmuch as they consist in a need to 
exercise their faculties for the mère pleasure of the exercise. It is 
the same thing that leads children or savages to invent new sports, 
and that renders them, at the same time, liable to ennui, That 
state, erroneously set up as a spécial privilège of human nature, îs 
sometimes suffîciently marked, in the case of certain animais, to 
urge them to suicide, when captivity has become intolérable. An 
attentive examination of the facts therefore discrédits the perversion 
of the woi-d instinct when it is used to sîgnify the fatality under 
which animais are impelled to the mechanical performance of 0^)18 
uniformly determinate, without any possible modification from cor- 
responding circumstances, and neither requiring nor allowing any 
éducation, properly so called. Thîs gratuitous supposition is evi- 
dently a remnant of the automatic hypothesis of Descartes. Leroy 
has demonstrated that among mammifers and birds this idéal fixity 
in the construction of habitations, in the seekîng of food by hunting, 
in the mode of migration, etc., exists only in the eyes of closet- 
uaturalists or inattentîve observera. 

After thus much notice of the radical vice of ail psychologîcal 
Systems, it would be departing from the object of this work to show 
how the intellectual faculties themselves hâve been misconceived. 
It is enough to refer to the réfutation by which Gall and Spurzheim 
hare introduced their labours : and I would particularly point ont 
the philosophical démonstration by which they hâve exhîbited the 
conclusion that sensation, memory, imagination, and even judgment, 
— ail the scholastic faculties, in short, — are not, in fact, fundamental 
and abstract faculties, but only différent degrees or consécutive 
modes of the same phenomenon, proper to each of the true elementary 
phrenological fnnctions, and necessarily variable in différent cases, 
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^vîth a proportîonate activîty. One vîrtae of thîs admirable analyils 
is that it deprives the various metaphysîcal théories of theîr one 
remaining crédit, — theîr mu tuai criticism, which is hère effected, 
once for ail, with more efficacy than by any one of the mutually 
opposing schools. 

Again, it would be departing from the object of thîs portion of 
our work to judge of the doctrines of the schools by their résulte. 
What thèse hâve been we shall see in the next volume ; the déplor- 
able influence on the political and social condition of two générations 
of the doctrines of the French school, as presented by Helvetius, and 
of the German psychology, with the ungovernable I for its subject ; 
and the impotence of the Scotch school, through the vagueness of 
what it called its doctrines, and their want of mutual connection. 
Dismissing ail thèse for the présent, we must examine the great 
attempt of Gall, in order to see what is wanting in phrenological 
philosophy to form it into the scientific constitution which is proper 
to it, and from which it is necessarily still more remote than 
organic, and even animal physiology. 

Two philosophical principles, now admitted to be indisputable, 
Bam of Gaiv» scrve as the immovable basis of Galls doctrine as a 
doctrine. whole : viz., the innateness of the fundamental disposi- 
tions, affective and intellectual, and the plurality of the distinct and 
independent faculties, though real acts usually require their more 
or less complex concurrence. Within the limits of the human race, 
ail cases of marked talents or character prove the first ; and the 
second is proved by the diversity of such marked cases, and by most 
pathological states,— especially by those in which the nervous System 
is directly affected. A comparative observation of the hîglier 
animais would dispel ail doubt, if any existed in either case. Thèse 
two principles, — ^aspects of a single fundamental conception, — are 
but the scientific expression of the results of expérience, in ail times 
and places, as to the intellectual and moral nature of Man, — ^an 
indispensable symptom of truth, with regard to ail parent ideas, 
which must always be connected with the spontaneous indications 
of popular reason, as we hâve seen in preceding cases in natnral 
philosophy. Thus, besides ail guidance from analogy, after the 
study of the animal life, we dérive confirmation from ail the methods 
of investigation that physiology admits ; from direct observation, 
experiment, pathological analysis, the comparative method and 
popular good sensé, — ail of which converge towards the establish- 
ment of this double principle. Such a collection of proofs secures 
the stability of this much of phrenological doctrine, whatever trans- 
formations other parts may hâve to undergo. In the anatomical 
view, this physiological conception corresponds with the division of 
the brain into a certain number of partial organs, symmetrical like 
those of the animal life, and, though more contiguous and mutually 
resembling than in any other System, and therefore more adapted 



DISTRIBUTION OF THB BRAIN. 487 

both for sympathy and synergy, still distinct and mutually inde- 
pendent, as we were already aware was the case with the ganglion» 
appropriate to the external sensés. In brief, the brain is no longer 
an organ, but an apparatus of organs, more complex in proportion 
to the degree of animality. The proper object of phrenologîcal 
physiology thence consists in determining the cérébral organ appro- 
priate to eaxîh clearly marked, simple disposition, affective or intel- 
îectual ; or, reciprocally, which is more difficult, what function i& 
fulfilled by any portion of the mass of the brain which exhibits 
the anatomical conditions of a distinct organ. Tlie two processes 
are directed to develop the agreement between physiological and 
anatomical analysis which constitutes the true science of living 
beîngs. Unfortunately, our means are yet further from answering 
our aims than in the two preceding divisions of the science. 

The scientific principle involved in the phrenological view is that 
the functions, affective and intellectiial, are more Divisions of 
elevated, more human, if you will, and at the same the brain, 
time less energetic, in proportion to the excluôiveness with which 
they belong to the higher part of the zoological séries, their positions 
being in portions of the brain more and more restricted in extent, 
and further removed from its immédiate origin, — according to the 
anatomical décision that the skuU is simply a prolongation of the 
vertébral column, which is the primitive centre of the entire nervous 
System. Thus, the least developed and anterior part of the braia 
is appropriated to the characteristic faculties of humanity ; and the 
most voliiminous and hindmost part to those which constitute the 
basis of the whole of the animal kingdom. Hère we hâve a new 
and confirmatory instance of the rule which we hâve had to foUow 
in every science; that it is necessary to proceed from the most 
gênerai to the more spécial attributes, in the order of their dimin- 
ishing generality, We shall meet with it again in the one science 
which remains for us to review ; and its constant présence, through 
the whole range, points it out as the first law of the dogmatic pro- 
cédure of the positive spirit. 

A fuU contemplation of Gall's doctrine convinces us of its faith- 
ful représentation of the intellectual and moral nature of Man and 
animais. AU the psyohological sects hâve misconceived or ignored 
the pre-eminence of the affective faculties, plainly manifest as it is 
in ail the moral phenomeoa of brutes, and even of Man ; but we 
find this fact placed on a scientific basis by the discovery that the 
affective organs occupy ail the hinder and middle portion of the- 
cérébral apparatus, while the intellectual occupy only the front 
portion, which, in extrême cases, is not more than a fourth, or even 
a sixth part of the whole. The différence between Gall and his- 
predecessors was not in the séparation of the two kinds of faculties, 
but that they assigned the brain to the intellectual faculties alone,- 
regarding it as a single organ, and distributing the passions among; 
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Ihe organs pertaîniog to the végétative life, — tlie lieart, the liver, 
etc. Bicbat supported this view by the argument of the sympathies 
of thèse organs, under the excitement of the respective passions ; 
but the variableness of the seat of sympathy, according to native 
susceptibility or to accident is a sufficient answer to such a plea, 
and teaches us simply the importance of considering the influence 
exercised by the state of the brain upon the nerves which supply the 
apparatus of the organic life. 

Ifext cornes the subdivision established by Gall and Spurzheîm 
^ - ,. . . in each of thèse two orders. The affective facuUies 
are divided mto the propensities, and the aftections 
or sentiments : the first residing in the hindmost and lowest part 
of the brain ; and the other class in the middle portion. The in- 
tellectual faculties are divided into the varions perceptive faculties, 
which together constitute the range of observation : and the small 
number of reflective faculties, the highest of ail, constituting the 
power of combination, by comparison and co-ordination. The upper 
part of the frontal région is the seat of thèse last, which are the 
chief characteristic attribute of human nature. There is a certain 
deficiency of précision in this description ; but, besides that we 
may expect improving knowledge to clear it up, we shall find, on 
close examination, that the inconvenience lies more in the language 
than in the ideas. The only language we hâve is derived from a 
philosophical period when ail moral and even intellectual ideas 
were shrouded in a mysterious metaphysical unity, which allows ua 
now no adéquate choice of terms. 

Taking the ordinary terms in their literal sensé, we should mîs- 
conceive the fundamental distinction between the intellectual 
faculties and the othera When the former are very marked, they 
unquestionably produce real inclinations or propensities, which are 
distinguished from the inferior passions only by theu' smaller energy» 
Nor can we deny that their action occasions true émotions or 
sentiments, more rare, more pure, more sublime than any other, 
and, though less vivid than others, capable of moving to tears ; aa 
is testified by so many instances of the rapture excited by the dis- 
covery of truth, in the most eminent thinkers that bave doue honour 
to their race — as Archimedes, Descartes, Kepler, Newton, etc. 
Would any thoughtful student take occasion, by such approxima- 
tions, to deny ail real distinction between the intellectual and 
affective faculties? The wiser conclusion to be drawn from the 
case is that we must reform our philosophical language, to raise it, 
by rigorous précision, to the dignity of scientific language. We 
may say as much about the subdivision of the affective faculties 
into propensities and sentiments, the distinction being, though less 
marked, by no means less real. Apart from ail useless discussion 
of nomenclature, we may say that the real différence bas not been 
clearly seized. In a scientific view, it would suffice to say that the 
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first and fnndamental class l'elates to Ihe indivîdual alone, or, at 
raost, to the family, regarded successîvely in ils principal needs of 
préservation, — such as reproduction, the rearîng of 3'oung, the modo 
of alimentation, of habitation, etc. Whèreas, the second more 
spécial class supposes the existence of some social relations, either 
among individuals of a diflferent species, or especîally betweén 
individuals of the same species, apart from sex, and détermines the 
character which the tendencies of the animal must impress on 
each of thèse relations, whetlier transient or permanent. If we 
keep this distinctive character of the two classes in view, it will 
matter little what terms wc use to indicate them, when once they 
bliall hâve acquired a suflScient fîxedness, through ralional use. 

/riiese are tlie great philosophical results of Gall's doctrine, 
rcgarded, as I hâve now presented it, apart from ail vain attempts 
to localize in a spécial manner the cérébral or phrenological func- 
t ions. I shall hâve to show how such an attempt was imposed 
upon Gall by the necessities of hîs glorious mission : but, notwith- 
Klanding this unfortunatc necessity, the doctrine embodies already 
a real knowledge of human and brute nature very far superior to 
ail that had ever been oflfered before. 

Among the innumerable objections which hâve been aimed at 
Ihis fine doctrine, — considcred always as a whole, — objections. 
the only one which merits discussion hère is the NecestUy'of 
supposed necessity of human actions. This objection *«""»» <uitmnf, 
38 not only of high importance in itself, but it casts new lîght back 
upon the spirit of the theory ;- and we must briefly examine it from 
the point of view of positive philosophy. 

When objectors confound the subjection of events to invariable 
laws with tljeir necessary exemption from modification, they lose 
sight of the fact that phenomena become susceptible of modification 
in proportion to their complexity. The only irrésistible action that 
we know of is that of weight, which takes place under 
the most gênerai and simple of ail natural laws. But 
the phenomena of life and acts of the mind are so higlily complex 
as to admit of modification beyond ail estimate ; and, in the inter- 
mediatc régions, phenomena are imder coutrol precîsely in the order 
of their complexity. Gall and Spurzheim hâve shown how human 
action dépends on the combined opération of several faculties ; how 
exercise develops them ; how inactivity wastes them ; and how the 
intellectual faculties, adapted to modify the gênerai conduct of the 
animal according to the variable exigencies of his situation, may 
overrule the practîcal influence of ail his other faculties. It is only 
in mania, when dîsease interfères with the natural action of the 
faculties, that fatality, or what is popularly called irresponsibility, 
cxists. It is therefore a great mistake to accuse cérébral physiology 
of dîsownîng the influence of éducation or législation, because it 
fixes the limits of their power. It dénies the possibility^ asserted 
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by the îdeolôgy of the French school, of ccînverlîng by suitable 
arrangements, ail men into so many Socrates, Homers, or Arclii- 
medes ; and it dénies the ungovernable energy of the /, asserted by 
the German school ; but it does not therefore affect Man's reason- 
able liberty, or interfère with bis improvement by the aid of a wise 
éducation. It îs évident indeed that improvement by éducation 
supposes the existence of requisite prédispositions : nnd that each 
of them is subject to determinate laws, without which they could 
not be systeraatically influenced ; so that it is, after ail, cérébral 
physiology that is in possession of the philosophical problem of 
éducation. Furthermore, this physiology shows us that men are 
commonly of an average constitution ; that is, that, apart from a 
very few exceptional organizations, every one possesses in amoderate 
degree ail the propensities, ail the sentiments, and ail the elementary 
aptitudes, without any one faculty being remarkably prépondérant. 
The widest field is thus open for éducation, in modifying in almost 
any direction organisms so flexible, though the degree of their 
development may remain of that average amount which consista 
very well with social harmony ; as we shall hâve occasion to see 
hereafler. 

A much more serîous objection to GalKs doctrine arises out of 
Hypotheticai ^^^ venturesome and largely erroneous localization 
distribuiien of the faculties which he thought proper to propose. 
offacuities, jf ^^ Jqq], ^^ j^jg position, we shall see that he merely 

used tbe right, common to ail natural philosophers, of instituting a 
scientific hypothesîs, in accordance with the theory on that subject 
which we examined in connection with Physics. He fulfîlled tho 
conditions of this theory ; bis subject being, not any imaginary 
fluids, ethers or the like, but tangible organs, whose hypothetical 
attribwtes admit of positive vérifications. Moreover, none of those 
who bave criticized his localization could bave proposed any less 
imperfect, or, probably, so well indîcated. The advice of prudent 
mediocrity, to abstain from hypothesis, is very easy to offer ; but 
if the advice was followed, nothing would ever be done in the way 
of scientific discovery. It is doubtless inconvénient to bave to 
withdraw or remake, at a subséquent period, the hypothèses to 
which a science owes its existence, and which, by that time, havo 
been adopted by inferior inquirers with a blinder and stronger faith 
than that of the original proposers: but there is no use in dwelling 
upon a liabilîty which arises from the infirmity of our intelligence. 
The practical point for the future is that strong minds, prepared by 
a suitable scientific éducation, should plant themselves on the two 
great principles which bave been laid down as the foundation of 
the science, and thence explore the principal needs of cérébral 
physiology, and the character of the means by which it may be 
carried forwards. Nor need there be any fear that the science 
will be held back by such a method. Nothing prevents us, whea 
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reasonîng, as geometers do, iipon îndetermînate seats, or position» 
supposed to be indetermînate, from arriving at real conclusions, 
involving actual utility, as I hope to sliow, from my own expérience, 
in tbe next volume ; though it is évident that it will be a great 
advantage to the exactness and efficacy of our conclusions, when- 
ever the time arrives for the positive détermination of the cérébral 
organs. Mqantime it is clear that we owe to GaU's hypothetical 
localization our view of the necessity of such a course ; and that if 
he had confined himself to the high philosophical generalities witli 
which he bas furnished us, he would never bave constituted a 
science, nor formed a school ; and the truths which we see to be 
inestimable would bave been strangled in their birth by a coalition 
of hostile influences. 

We see what is the philosophical character of cérébral physiology. 
We must next inquire what are the indispensable Neededim- 
jmprovements that it demands. provemenu. 

First, we want a fundamental rectification of ail the organs and 
faculties, as a necessary basis for ail further progress. Taking an 
anatomical view of this matter, we see that the distribution of 
organs has been directed by physîological analyses alone, — usually 
imperfect and superficial enough, — instead of being Anatomical 
subjected to anatomical déterminations. This has ^***- 
entitled ail anatomists to treat such a distribution as arbitrarv and 
loose, because, being subject to no anatomical considération about 
the différence between an organ and a part of an organ, it admits of 
indefinite subdivisions, which each phrenologist seems to be able 
to multiply at will. ïhough the analysis of functions no doubt 
casts much light on that of organs, the original décomposition of 
the whole organ ism into Systems of organs, and those again into 
single organs, is not the less independent of physiological analysis, 
to which, on the contrary, it must furnish a basis. This is estab- 
lished in regard to ail other biological studies ; and there is no reason 
why cérébral inquiries should be an exception. We do not need 
to see the digestive, or the respiratory apparatus in action, before 
anatomy can distinguish them from each other : and why should it 
be otherwise with the cérébral apparatus ? The anatomical diffi- 
culties are no doubt much greater, on account of the resemblance 
and proximity of the organs in the cérébral case : but we must not 
give up this indispensable analysis for such a reason as that. If it 
were so, we must despair of conferring a spécial scientific character 
on phrenological doctrine at ail; and we must abide by those 
generalities alone which I bave just laid down. When we propose 
to develop the harmony between the anatomical and the physio- 
logical analysis of any case, it is supposed that each has been 
separately established, and not that the one can be copied from the 
otlier. Nothing therefore can absolve the phrenologists from the 
obligation to pursue the analysis of the cérébral System by a 
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séries of vîgorous anatomîcal labours, dîscarding for the tîmc ail 
ideas of functîon, or, at most, employîng them only as anxiliary to 
anatomîcal exploration. Such a considération will be most ear- 
nestly supported by tliose plirenologists who perceive that, in 
determining the relative prépondérance of each cérébral organ in 
différent subjects, it is not only the bulk and weight of the organ 
that has to be taken into the account, but also its degree of activity, 
anatomîcally estimated by, for instance, the energy of its partial 
circulation. 

Next, following a distinct but parallel order of ideas, there must 

Phydoiogicai ^^ » V^^^^J physiologîcal analysis of the various 
analysa of elementary faculties ; and in this analysis, which has to 
facuUtes. ]^g harmonîzed with the other, every anatomical idea 
jîiust be, in its turn discarded. The position of phrenology is 
scarcely more satisfactory in this view than any other, for the dis- 
tinction between the différent faculties, întellectual and even affective, 
ând their enumeration are conceived of in a very superficial way 
though incomparably more in the positive spirit than any meta- 
j)hysical analyses. If metaphysicians hâve confounded ail their 
psychological notions in an absurd unity, it is probable that the 
phrenologists hâve gone to the other extrême in multiplying ele- 
mentary functions. Grall set up twenty-seven ; which was, no 
doubt, an exaggeration to begin with. Spurzheim raised the 
number to thirtj'-five ; and it is liable to daily increase for want of 
a rational principle of circumscription for the régulation of the easy 
entlîusiasm of popular explorers. Unless a sound philosophy inter- 
poses, to establish some order, we may hâve as many faculties and 
organs as the psychologists of old made entities. However great 
may be the diversity of animal natures, or even of human types, it 
is yet to be conceived (as real acts usually suppose the concurrence 
of several fundamental faculties) that even a greater multiplicity 
might be represented by a very small number of elementary func- 
tions of the two orders. If, for instance, tlie whole number were 
reduced to twelve or fifteen well-marked faculties, their combinations, 
binary, ternary, quaternary, etc., would doubtless correspond to 
many more types than can exist, even if we restricted ourselves to 
distinguishing, in relation to the normal degiee of activity of each 
function, two other degrees, — one higher and the other lower. But 
the exorbitant multiplication of faculties is not in itself so shocking 
as the levity of most of thepretended analyses which hâve regulated 
their distribution. In the intellectual order, especially, the apti- 
tudes hâve been usually ill-described, apart from the organs: as 
when a mathematical aptitude is assigned on grounds which would 
justify our assigning achemical aptitude, or an anatomical aptitude, 
if the whole bony casket had not been previously parcelled off into 
irremovable compartments. If a man could do sums according to 
rules quickly and easily, he had the mathematical aptitude, accord- 
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ûig to tbose who do not suspect that mathematîcal spéculations 
roquîre any superîority of întellect. Though the analysis of the 
îiff'ective faculties, which are so much better marked, is less imper- 
lect, there are several instances of needless multiplication in that 
department. 

To rectify or improve this analysis of the cérébral faculties, it 
would be useful to add to the observation of Man and Examinatwn 
Society a physiological estimate of the most marked ofhutoricai 
individual cases, — especially in past times. ïhe *^"*^' 
intellectual order, which most needs revision, is that which best 
admit of this procédure. If, for instance, it had been applied to 
the cases of the chief geometers, the absurd mistake that I hâve 
just pointed out could not bave been committed ; for it would bave 
been seen what compass and variety of faculties are required to 
constitute mathematical genîus, and how various are the forms in 
which that genius manifests itself. One great geometer bas shone 
by the sagacity of bis inventions ; another by the strength and 
extent of bis combinations ; a third by the happy choice of his 
notations, and the perfection of his algebraic style, etc. We might 
discover, or at least verify, ail the real fundamenttil intellectual 
faculties by the scientific classalone. In an inferior degree it would 
be the same with an analogous study of the most eminent artists, 
This considération, in its utmost extent, is connected with the 
utility of the philosophical study of the sciences, under the histori- 
cal as well as the dogmatical point of view, for the discovery of the 
logical laws concerned : the différence being that in this last case, 
we hâve fîrst to détermine the elementary faculties, and not the 
laws of their action : but the grounds must be essentially ana- 
logous. 

Phrenologîcal analysis has, then, to be reconstitut^d ; first in the 
anatomical, and then in the physiological order ; and finally, the 
two must be harmonized ; and not till then can phrenological 
physiology be established upon its true scientific basis. Such a 
])rocedure is fairly begun, as we bave seen, with regard to the two 
preceding divisions of our science ; but it is not yet even conceived 
of in relation to cérébral physiology, from its greater complexity 
and more récent positivity. 

The phrenologists must make a much more extensive use than 
hîtherto of the means furnished by biological philos- patkoiogical 
ophy for the advancement of ail studies relating to and Compara- 
living bodies : that is, of pathological, and yet more ^*^*^ analysis, 
of comparative analysis. The luminous maxim of M. Broussais, 
which lies at the foundatîon of médical philosophy, — that the 
phenomena of the pathological state are a simple prolongation of 
the phenomena of the normal state, beyond the ordinary limits of 
variation, — has never been duly applied to intellectual and moral 
phenomena: yet it is impossible to understand anything of the 
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différent kinds of madness, îf they are not examined on tliis prîn- 
ciple. Hère, as in a former division of the science, we see that tbe 
study of malady is the way to understand the healthy state. No- 
thingcan aid as so well in the discovery of the fundamental faculties 
as a judicioiis study of the state of madness, when each faciilty 
manifests itself in a degree of exaltation which séparâtes it dis- 
tinctly from others. There has been plentiful study of monomania ; 
but it has been of little use, for want of a due connection and com- 
parison with the normal state. The works that bave appeared on 
the subject bave been more literary than scientific ; those who hâve 
liad the best opportunity for observation bave been more engaged in 
governing their patients than in analysîng their cases ; and the 
euccessorsof Pinel bave added nothing essential to the améliorations 
introduced by him, half a century ago, in regard to the theory and 
treatment of mental aliénation. As for the study of animais, its 
use has been vitiated by the old notions of the difiference between 
instinct and intelligence. Humanity and animality ought recipro- 
cally to cast light upon each other. If the whole set of faculties 
constitutes the complément of animal life, it must surely be that 
ail that are fundamental must be common to ail the superior 
animais, in some degree or other : and différences of întensîty are 
enough to account for the existing diversities, — the association of 
the faculties being taken into the account on the one hand, and on 
the other the improvement of Man in society being set aside. If 
there are any faculties which belong to Man exclusively, it can only 
be such as correspond to the highest intellectual aptitudes : and 
this much may appear doubtful if we compare, in an unprejudiced 
way, the actions of the highest mammîfers with those of the least 
developed savages. It seems to me more rational to suppose that 
power of observation and even of combination exists in animais, 
though in an immeasurably inferior degi*ee ; — the want of exercise, 
resulting chiefly from their state of isolation, tending to benumb 
and even starve the organs. Much miglit be learned from a 
study of domestic animais, though they are far from being the 
most intelligent. Much miglit be learned by comparing their 
moral nature now with what it was at periods nearer to their 
tirst domestication ; for it would be strange if the changes that they 
bave undergone in so many physical respects had been unaccom- 
panied by variations in the functions which more easily than any 
others admit of modification. The extrême imperfection of phreno- 
logical science is manifest in the pride with which Man, from the 
Jiieight of bis supremacy, judges of animais as a despot judges of bis 
subjects ; that is, in the mass, without perceiving any inequality 
in them worth noticing. It is not the less certain that, surveying 
the whole animal hierurchy, the principal orders of this hierarchy 
Bometimes differ more fiom each other, in intellectual and moral 
respects, than the highest of them vary from the human type, The 
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ratîonal study of tbe mînd and the ways of animais bas still to be 
instituted, — notbing baving yet been done but in tbe way of pré- 
paration. It promises an ample barvest of important discovery 
direetly applicable to tbe advancement of tbe study of Man, if only 
tbe naturalists will disregard tbe déclamation of tbeologians and 
metapbysicians about tbeir pretended dégradation of buman nature, 
wbile tbey are, on tbe contrary, rectifying tbe fundamental notion 
of it by establisbing, rigorously and finally, tbe profound différences 
wbicb positively separate us from tbe animais nearest to us in tbe 
scale. 

Tbe two laws of action, — intermîssîon and association, — require 
mucb more attention tban tbey bave yet received in _ . ^. 

. . ..| 1 1 1 • 1 mi 1 c Laws of action, 

connection witb cérébral physiology. The law or 
intermittence is eminenlly applicable to tbe functions of tbe brain, 
— tbe symmetry of tbe organs being borne in mind. But tbis 
great subject requires a new examination, seeing tbat it is requisite 
for science to reconcile tbeir évident intermittence 
witb tbe perfect continnity tbat seems to be învolved ^cmdcontinuUy. 
in tbe connection wbicb mutually unités ail our 
intellectual opérations, from earliest infancy to extrême décrépitude, 
and wbicb cannot be interriipted by tbe deepest cérébral perturba- 
tions, provided tbey are transient. Tbis question, for wbicb meta- 
pbysical théories allowed no place, certainly offers serions diflSr 
culties : but its positive solution must tbrow great light upon tbe 
gênerai course of intellectual acts. As for tbe association of the 
faculties, in sympatby or synergy, the pbysiologists 
begin to understand its high importance, though its 
gênerai laws bave not yet been scientifîcally studied. Without tbis 
considération, tbe number of propensities, sentiments, or aptitudes 
would seem to be susceptible of any degree of multiplication. For 
one instance, investigators of buman nature bave been wont to 
distinguish various kinds of courage, under the names of civil, 
inilîtary, etc., tbougb tbe original disposition to brave any kind of 
danger must always be uniform, but more or less directed by the 
understanding. ISTo doubt, tbe martyr wbo endures tbe most 
horrible tortures witb unshaken fortitude rather tban deny bis con- 
victions, and tbe man of science wbo undertakes a perilous experi- 
ment after baving calculated tbe chances, niight fly in tbe field of 
battle if compelled to fight for a cause in wbicb tbey felt no inter- 
est ; but not tbe less is their kind of courage the same as tbat of 
tbe brave soldier. Apart from inequalities of degree, there is no 
otber différence tban tbe superior influence of tbe intellectual 
faculties. Without tbe diverse cérébral synergies, either between 
the two great orders of faculties, or between tbe différent functions 
of each order, it would be impossible to analyse the greater pro- 
portion of mental actions ; and it is in tbe positive interprétation 
of each of them by sucb association tbat tbe application of pbrenof 
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logical doctrine will chîefly consist, when such doctrine shall hâve 
been scientifically erected. When the elenaentary analysis shall 
hâve been instituted, allowîng us to pass on lo the sludy of thèse 
compound phenomena, we may thînk of proceeding to the more 
délicate inquiiy whether, in each cérébral organ, a distinct part is 
iiot especially appropriate to the establishment of thèse synergies 
and sympathies. Some pathological observations bave given rise 
to this suspicion, — the grey substance of the brain appearing more 
inâamed in those perturbations Avbich affect the phenomena of the 
will, and the white in those which relate to intellectual opérations. 
If our existing phrenology isolâtes the cérébral functions too 
Unityofthe DQUcli, it is yct more open to reproach for separating 
hrainandnci^' the braitt from the whole of the nervous System. 
voussysi^n. i^\q\^^^ taught US that the intellectual and affective 
phenomena, ail-important as they are, constitutc, in the whole 
System of the animal economy, only an intermediate agency between 
the action of the external world upon the animal through sensorial 
impressions, and the final reaction of the animal by muscular con- 
tractions. Now, in the présent state of phrenological physiology, 
no positive conception exists with regard to the relation of the 
séries of cérébral acts to this last necessary reaction. We merely 
suspect that the spinal marrow is its immédiate organ. Even if 
cérébral physiology carefully comprehended the whole of the 
nervous System, it would still, at présent, separate it too much from 
the rest of the economy. While rightly discaiding the ancient 
error about the seat of the passions being in the organs of tho 
végétative life, it bas too much neglected the great influence to 
which the chief intellectual and moral functions aie subject from 
other physiological phenomena ; as Cabanis pointed out so emphati- 
cally, while preparing the way for the philosophicîil révolution 
which we owe to Gall. 

We Ijave now seen how irrational and narrow is the way în 
which intellectual and moral physiology isconceived of and studied : 
and that till this is rectified, the science, which really appears not 
to bave advanced a single step since its institution, cannot make 
any true progress. We see how it requires, above even the other 

branches of physiology, the preparation of scicntifîc 
^Phrenoi^y, habits, and familiarity with the foregoing departments 

of natural philosophy ; and how, from its vicions 
isolation, it tends to sink to the level of the most superficial and 
ill-prepared minds, which will make it the groundwork of a gross 
and mischievous quackery, if the true scientific inquirers do not 
take it out of their hands. No inconveniences of this kind, how- 
ever, should blind us to the eminent merits of a conception which 
will ever be one of the principal grounds of distinction of the philos- 
ophy of the nineteenth century, in comparison with the one which 
preceded it. 
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Looking back, on tlie corapletîon of tliîs survey of the positive 
study of living bodies, we see that, imperfect as it is, prtzoit state 
aad unsatisfactory as are the parts which relate to ofBioiogy, 
life, compared with those which relate to organization, still the 
most imperfect hâve begun to assume a scieatific character, more 
or less clearly indicated, in proportion to the complexity of the 
phenomena. 

We bave now surveyed the whole System of natural philosophy, 
from its basis in mathemntical, to its termînation setrosnectof 
in biological philosophy. Notwithstanding the vast NaturaiPhi- 
interval embraced by thèse two extremities, we ^^'^p^v- 
bave passed tlirough the whole by an almost insensible gradation, 
finding nothîng hypothetical in the transition, through chemistry, 
from inorganic to.organic philosophy, and verîfying as we proceeded 
the rigorous continuity of the System of the natural sciences. That 
System, though comprehending ail existing knowledge, is, however, 
still incomplète, leaving a wide area to the rétrograde influence of 
the theologico-metaphysical philosophy, to whicli it abandons a 
whole order of ideas, the most immediately applicable of ail. There 
ia yet wanting, to complète the body of positive philosophy, and to 
organize its universal prépondérance, the subjection to it of the 
most complex and spécial phenomena of ail, — those of humanity in 
a state of association. I shall therefore venture to propose the 
new science of Social Physics, which I bave fonnd myself compelled 
to create, as the necessary complément of the System. ïhis new 
science is rooted in biology, as every science is in the one which 
précèdes it ; and it will render the body of doctrine complète and 
indivisible, enabling the human mind to proceed on positive prin- 
ciples in ail directions whatever, to which its activity may be in- 
cited. Imperfect as the preceding sciences are, they bave enough 
of the positive character to render this last transformation possible : 
and when it is effected, the way will be open for their future 
advancement, through such an organization of scientific labour as 
must put an end to the intellectual anarchy of our présent con- 
dition. 
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